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GEORGE 


Lord Viſcount 


To the Right Honourable 


[TORRINGTON. 


My Lord, | 
WS IV, EdVIGATION Cx 
I /umbly preſume) contri- 
IS tes more to the Wealth and 
PS Sirength of theſe Kingdoms 
than any other Part of the 


| Mathematicks; and conſequently the 


Improvement thereof, is worthy the 
Thoughts and Study of the moſt Ingeni- 
ous : And as your Lordſhip has acted 
therein in Stations of the higheſt Rank, 


== Tx Decication. | 
sand I having had the Honour, not only to 


er ve Lordſhip in this Capacity A. 
545 „ but alſo * your Lord hip, 
Approbation of, and E 1 * to 
my Performances of this Kind, eſpecial 

* ly that uſeful Improvement of PRO 

FECTING the Sea and Land, i 
its true GLOBULAR FORM 
which his M Af E $T Thas been graci 
ouſly pleas d to Honour with his LETTER 

' PATENT; lcrave leave to do my ſel 
the additional Honour, of Dedicatin 
this my Treatiſe of Navigation to your 

Lordſhip, and to ſubſcri b 29 2 E 


* 
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My Lord, Tn”: 
« | * . Ox 7 - A. ; 1 2 - 

* * * * 
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Jour Lordſhip's moſt Humble, 


And moſt obliged Servant, 
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Courtevus Reader, 


H E general Approbation that this 
Book has met with, both in the Navy 


to Print a large Number, but alſo to 
be at the Charge of the Addition of 


Spherical Trigonometry, Aſtronomy, &c. and engraving 


all the Cuts upon Copper * with ſuch othet 


Im- 


and amongſt Merchants Ships, hath - 
encouraged the Bookſellers, not only 


” — — 


x 


 - Improvements, as migt 
It a Compleat +". hai mare But if there are 
yet ſome inthe World, that not being capable of Im- 
provements themſclyss, envy what is made by others: | 
Let ſuch conftder; that there is Room enough for || 
every induſtrious Navigator, to employ his Talent that 
Way: Nor is it poſſible to conclude, that Navagation 
is arrived at its ne plus ultra, ſo long as Longitude re- 
mains to be ſuch a puzling Subject to our beſt Ma- 
thematicians, eſpecially now, in a Day when the Par- 
liament has been pleas'd to offer ſuch a liberal and 
plentiful Gratuity to him that ſhall firſt diſcover it: 
For the ſupplying of which Want of an exa& Method 
to find the Longitude, I have, towards the latter End 
of this Treatiſe, inſerted a very uſeful Method for 
finding the Longitude by the San, any Day at Noon, 
when the Sun can be ſeen : But to wave this SubjeR, 
we find that Mathematical Studies did hitherto, and 
do yet admit of Improvement: For in former Times, 
when Mathematical Sciences were in their Non-Age, 
and Minerva's Fruit did not grow in ſo many Eugliſb 
Gardens as it doth now, it was thought (and indeed 
was) an extraordinary Attainment in Trigonometrical 
Operations, when the Antients found out the Way of 
appiying Right Lines to Arches of Circles, which we . 
call Sizes, Tangents, and Secants, and could thereby 
perform their 'Trigonometrical Calculations, altho' 
with the vaſt Trouble of multiplying by 5, 6, 7, or 
8 Figures, which took up a large Quantity both of 
Time and Room; but this Manner of Operation 
was much faciliated by my Lord Napie#s admirable 
Invention of Logarithms, with the Improvement of Mr. 
Henry Briggs, the Uſe of which is now ſo common, 
that he would be thought but a ſlender Mathematici- 
ar, that knows no other Way of Operation than by 
Multiplieation and Diviſion, the Trouble whereot is 
now 
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called Traverſe Tables or Tables of Difference of 


The Epi/lt o the READER wi 
now thought ititoleraþle 2: To this. we may add the 
Invention of Gunter s Scale, both long aud. ſliding, up- 
on which, with a Turn of a Pair of Compaſſes 9 th 
one, or only remoying the other, are performed thg 
Propoſitions in Trigonametry which formerly requizec 


Abundance of Figutes in tlie Operation; but all this 


not being thought ſufficiently expeditious at Sea, Der 
have been alſo invented Tables ready calculated, 


Latitude and Departure, wherein, hy Inſpe&ion only; 
you may anſwer ny Queſtion in any of the fix Caſes 
of Plain Sailing, and alſo find the Difference of Longi- 
tude, as is taught at large in this Treatiſe: But of all 
the Improvements that have been made, I never heard 
of any that ever attained to a Method for ſolving all 
the Caſes in Trigonometry, and Practical Navigation, 
dix. the Keeping of a Reckoning both in Latitude 
and Longitude, with ſufficient Exactneſs, without 
any Tables, Boos ot Inſttuments, or any other Help, 
but only Pen and Ink, or a Piece of Chalk; and this 


is what I have preſented to the World in this Trea- 


tiſe, and which I take for granted was never Taught 
nor Printed before, © excepting that Proportion by 
which I have wrought the ſixth Caſe of Plain Sailing 
by the New Method, which we find hinted at by Snel- 
lius, in his Cyclometria quoted by Mr. Collins, in his 
Book entituled, The Plain Kale neu Plain d, Cc. in 
the Title- Page of which Book he enumerates amongſt 
the reſt of the Contents, ¶ Arithmetical Navigation, or 
Navigation performed by the Peu, if Tables were wanting; 
Oc. at the firſt Sight of which I thought my Defign 
had been anticipated, till looking further into the 
Book where he is upon that Subject, (vis. in Page 118 
of the firſt Book) I find he touches upon no more but 
only that Caſe; where three Sides of a right-angled 
Triangle are given (or owed to find an Angle ; 1 
4 | 


N 
14 1 
N 


vii The Epiſtle 10 the READER. 

(in Page 120) ſpeaking of that Caſe of one Side, and 
two Angles given, to find the other Sides, he ingenu- 
aufly owns, that it cannot be done without a Table of 
and this is What I have laid down in this Trea- 
. The Solution of all the other five Caſes of 
Plain Sailing, or any other Operation that depends up- 
on à right-angled plain Triangle, with as much (if 
not more) Eaſe and Exactneſs as that is perform'd 
there, which encouraged me to proceed to the com- 
pleating of that der Method, which I defign'd ſhould 
— 74 mow the Subject of * . e, when I 
firſt chought of appearing in publick. But ſuppoſing 
that thoſe who had learn'd the whole Art of OE 
tion, both Geometrical, Trigonometrical, and Inflrumen- 
tal, as it is commonly taught in Schools, and practis d 
at Sea, would be difcourag'd from buying the Book, 
_ "when they found nothing in it that they had formerly 
Jearnt- Therefore, for the Sake of ſuch, and to make 
the Book univerſally uſeful, I reſolved to make it a com 
pleat Treatiſe of Navigation, as perform d, 

| on | Ta 21019 


Firſt, Geometrically, by Proj ektion, with Chords 
and equal Parts | 


* Secondh, By Trigonometrical Calculation by Loga- 
rithms, Sines and Tangents. - 


Thirdly, By luſpection in the Traverſe-Table. 


Faurthly, Arithmetically, by Given Numbers: . 


_  Fifthly, Inſtrumentally, by Scale and Compaſſes. 1 


_ Sixth, By the new Method, with only Pen and 
8 Ink. . | | a ; | 


Lafily, 


IM 0 Wu & fws an ms £4 6. .o 


* * 


L 


Tae et 


ds 


a” 


i 
wt. 


nd 


2 * F , 
15 7 * «Ao 
* * 


The Epiſtle to ibe READ EN. is 


- Lafily, Practical Navigatiou in ſeveral Parts; as, 


Firſt, How to find the Variation of the Compaſs 
by an eaſy Method, without Trigonometrical Calcu- 
lation, Azimuth, or Amplitude, whereby they that 
can neither write. nor read may do it as well as the 
beſt Mathematician. rn $75 


| Secondly, How to divide the Log-Line, and Rea- 
ſons _ for the Length aſſign'd for one Knor 
thereo . | | 


- Thirdly, The beſt Method for Taking and Work- 
ing an Obſervation, contracted into four Caſes or 
Varieties, which anſwers all Places in the World, 
and all Times of the Year. | 
Fourthly, How to reckon the Tides, by a Me- 
thod ſo eaſy, that you may thereby find the Time of 
High- Water at any known Port, only by a Sight of the 
Moon, at any Time of the Day or Night, illuſtrated 
by a Diagram, or Figure, in which, indeed, to have 
been exact, the light Part of the Moon's Body ſhould 
have been determined by Ellipſis's, and not by Arches 
of Circles, as is evident from the Analemma, if we 
compare the Poſition of the Eye, with reſpe& of the 
Moon, with the Poſition of the Eye with Reſpe& to 
the Orthographick Projection; but I have contented 
my ſelf with thoſe circular Diviſions, becauſe they 


are eaſier performed, and ſerve as well to illuſtrate © 


the Matter for which they are projected. 


And here by the Way, we may take Notice ß + | 


one Obſervation with Reſpect to the Tides, though 


Man OY 
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© The Eyiſtie w tbe READER: 


for ſome Reaſons omitted in its proper Place, viz. 


Whether the Moon in Perigeon, by Reaſon of her 


Nearneſs to the Earth, may not jhave a greater 
attractive Influence upon the Water; as alſo whe- 


ther a greater Congreſs of Planets: about the Sun 
or Moon, at the New or Full Moon, may not 


conduce ſomething to the Augmenting of the Tides, 
by contributing their (tho' but ſmall) Attraction, 
when other more ſubſtantial Reaſons. there menti- 
oned do concur; and this I am ratherinduced to 
believe, ' becauſe the Truth hereof has been confirm- 
ed to us by an Inſtance within the Reach of our 
own Experience; for at the New Moon in September 
1709. There was ſuch a Confluence of Natural 
Cauſes of the Tide : For firſt, the Moon was then 
with the Sun. Secondly, it was the Lunation next 
after the Autumnal Equinox Thirdly, The Moon 
was at or near her Perigeon. Fourthly, The three 
Planets Mars, Venus and Mercury, were all within 
leſs than 30 Degrees of the Sun and Moon; yea 
ſome within 15 Degrees, and Jupiter was within 35 
Degrees of the Sun and Moon, and this Lunation 
was attended with ſuch exuberant Tides, that in 
the low Ground in Torkſhire, over againſt Stockton, 
where the Tide never comes but in very high 
Spring Tides, it flowed 2 or 3 Foot Water, and 
doubtleſs at other Places it was proportionabte, 
which ſeems to confirm the Truth of this more than 
probable Conjecture, and render it worthy the Ob- 
ſervation of the Ingenious. > 


Fifthly, How to make your own Charts for any 
Voyage ſeveral Ways. 


Laſth, The Application of the whole to the a- 
Qual Keeping of a Reckoning both in — poay 
on- 


My „ my 


The4Epifile to the READER «i 
Longitzges ſailing large, or upon a Wind; and how 
to make all proper Allowances for Lee-Way, Vari- 
ation, Cc. and how to correct your Reckoning by 
an Obſervation, with Reaſons and Demonſtrations 
of the different Ways of doing, it. One and the 
ſame Day's Work in the Journal, as well as one 
and the ſame Queſtion elſewhere in the Book, be- 
ing perform'd both by the common Method, and 
alſo by the New Method, that the Reader may ſee 
the Truth and Certainty thereof. 1 


With Directions, ſhewing how to project and 
anſwer the various Caſes and Queſtions relating to 
Currents, with other uſeful Queſtions, and a uſe- 
ful Method for finding and corre&ing the Longitude, 
without the Help of the dead Reckoning. 


And becauſe the Book ſhould not be imperfe&, 
nor inferiour to any of its Kind and Volumn, I 
have added ſeveral Problems in Spherical Geometry, 
with the 28 Caſes of Spherical Triangles, and the 
Demonſtration of the Concluſions, by which ſeve- 
ral of the Oblique are performed, deduced from 
the Catholick Proportions made uſe of in the 16 
Caſes of Right Angled Triangles: I have alſo gi- 


ven Directions for the Solution of Quadrantal 


Triangles, and the Application of the whole to ſo 
much Practical Aſtronomy, as is uſeful in Naviga- 


tion; all which is what was not in the former Im- 
preſſion. 


And although here are Ways propoſed for Anſwer- 
ing all neceſſary Caſes in Navigation without Loga- 
rithms, Cc. yet to make the Book univerſally uſe- 
ful, and as much as can be to anſwer the End of all 
Buyers, as well the Learner at School, as the ac- 

com- 
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r The Epiſile to the READER: 
compliſh'd Mathematician in his Trigonometrical 
Operations, I have added a correct Table of Lo- 

rithms, Sines and Tangents, and ſome other uſe- 
Tables which concludes the whole. Thus deſi. 
ring a favoutable Conſtruction to be put upon what 
Fanlts may eſcape either the Pen or the Preſs; I 

Queſtion not the noble hearted Sailors Acceptance ; 

Thus that it may be a Benefit to the Buyer, a 

Help to the Learner, a fit Companion for the Ma- 

riner, and a Credit to the Author, is the Deſire, of 


Yours to Serve you; 


London, February 16. 
1723. 


HENRY WILSON 
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S8 REC. I. 


a Geometrical Problems. 


PRO B. I. From 4 Point given in the Middle of 4 Line: 
; to erect 4 Perpendicular. 


rn your Compaſſes 3 at any Ex- 
dent, and one Foot in the given Point A, 
make the Marks þ ande; then 
Ke with any greater Extent, and Fg. 1. 
one Foot in b, make an Arch, 
eas at d, and with the ſame 2 and 
: one Foot in c, croſs the ſaid Arch at dz 
then from the croſſing of the aid Arches to the Point 
A, draw a Line, it is the Perpendicular required. 


| P R O B. IN. From 4 Point given above 4 Line, to let fall 


4 Perpendicular. 


121 With your Compaſſes open d to any Extent (m. more than 
| the neareſt Diſtance from the given Point to the given 
T ine) 


ene 


hy 


the Parallel required, © 


2 _ Geometrical Problems. Chap. 1. 
Line) and one Foot in the given Point A, croſs the 
given Line in b and e; then with any Diſtance more 


| than half the Diſtance between h and c, and one Foot 


in h draw the Arch d, and with the ſame Extent, 


Fig. 2. and one Foot in c, croſs the ſaid Arch at d; then 


lay a Scale from the Point A to the croſſing of 
the Arches at d, ſo draw the Line AE, which is the 


Perpendicular required. 
PROB. III. How to raiſe 4 Perpendicular upon the End 


of a given Line. 


With your Compaſſes at any Extent, and one Foot in 
the given Point A, make a Mark at any conveni- 
Fig.3. ent Diſtance above the Line, as at b; then keepin 


one Foot in the Mark b, with the ſame Extent croſs | 


the given Line at c, and turning your Compaſſes about, 


make the Arch 4; then lay a Scale from the croſling at c 


to the Mark at b, and make a Mark where ir croſſes the 
Arch d; ſo a Line drawn from that Interſection to the 


Point A is the Perpendicular required. 


PROB. IV. How 10 let fall a Perpendicular upon the 
End of a £iven Line, from any given Point over the End 
of the ſaid Line. | 


Draw 2 Line from the given Point A to interſe& the 

given Line at any convenient Diſtance, as at b; 

Fig. 4. then divide the Line A b into two equal Parts 

at c; and upon c, with the Extent c A, or cb, 

croſs the given Line in d; then a Line drawn from the 

given Point A to the Interſection at 4, is the Perpen- 
dicular required. 


PRO B. v. To draw a Line parallel to another Line at 


| any given Diſtance. | 
Take in your Compaſſes the given Diſtance, and with 
one Foot in the given Line, towards each End 
Fig. 5. of it, draw the two little Arches 2 and h; a Line 
drawn from the Extremity of theſe Arches 1s 


PROB. 


—  _ — . 


Sect. 2. The Conſtruction of the Sines, A 


Y PROB. VI. To bring any three Points (not fituate in 
, 4 right Line) into the Circumference of a Circle. 
r | 


F Suppoſe the three Points be ABC; firſt take more 
e than half the Diſtance A B, and with one Foot in 
ſweep an Arch; then with the ſame Diſtance, and one 
Foot in B, draw another Arch to croſs the aforeſaid Arch 
d in the Points d and e; then with more than half the 
Diſtance BC, and one Foot in B, draw the Arch g h, and 
with the ſame Diſtance, and one Foot in C, draw | 
n an Arch to croſs the aforeſaid Arch in the Points Fig. 6. 


i g and þ; then draw the Lines ead, and 4 4 hb, | 
1 and where theſe Lines croſs, as at 4, is the Center of the _ 
85 Circle required. i | 
t, | 
CC — ——⏑◻aüſ — — 4 ä — — 
he re 
he : 

8 
8 The Conſtruction of the Sines, &c. 


E * great Circle is (ſuppos d to be) divided intg 
L 360 equal Parts called Degrees, whereof the half, 
or Semicircle, contains 180 Degrees, and the Quarter or 
Quadrant is go Degrees, and upon one Quadrant is pro- 
jected the Sines, Tangerits, Cc. 7 „ 
The Radius is the Semidiameter of a Circle, upon 
which the Projection is made; as A, or Ago, or AS, 
is the Radius of the projected Diagram, and is commonly 
| ſuppos'd to contain 100co equal Parts. "wr 
e at A Sine is a Perpendicular let fall from the given De- 
Free to the Baſe or Semidiameter of the Circle ; as the 
ine g 30, is the Sine of 30 Degrees, and the Line h 80, 
with T is the Sine of 80 Degrees, Cc. the Sine of go Degrees 
End is equal to the Radius. | | | 
Line W - A Tangent, or Touch-line, is a Perpendicular erc&ed - 
s 13 W upon the End of the Semidiameter, juſt ſo as to 
751 touch the Periphery of the Circle: Thus the Line Fig. 7. 
OB. ius Tangent Line. The * of any De- 
| 2 - 
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gree is the Diſtance from the Beginning or Foot of the Tan- 


gent Line to that part of it where a Line, drawn from 


the Center over the given 3 cuts the Tangent 
Line: Thus the Part of the Tangent Line 4 5 is the 
Tangent of 50 Degrees. The Tangent of 45 is equal to 


the Radius. _ | ; 
- .zASecant is a Line drawn from the Center through the 
given Degree till it interſe& the Tangent Line: Thus 


the Line A is the Secant of 50 Degrees. The Secants 


begin at the Radius, and proceed to Infinite, The Secant 


* 


of o Degrees being equal to the Radius. 


A Chord is the neareſt Diſtance in a ſtrait Line be- 


tween any Quantity of Degrees; or from o Degrees to 
the Degree whoſe Chord is required : Thus the Line S 
99 is a 

Line is the Chord of 30 Degrees, Cc. IT 


gently taken in the Compaſſes to draw any Great 


is to be meaſured. 

The Sine-complement of any Arch, is the Sine of the 
Complement of that Arch to go: Thus the Sine-com- 
plement of 30 Degrees is the Sine of 60, and the Sine- 
complement of 70 is the Sine of 20, Cc. And in the 
Diagram, the Line W 4o (equal to the Diſtance A f upon 
tlie Baſe) is the Sine-complement of 40 Degrees, and fo 
in others. 


A verſed Sine is a Segment of the Baſe, contain d be- 
tween the Sine of the Degree and the End of the Baſe 


where the Tangent Line begins; thus the Segment of the 
Baſe el is the verſed Sine of 50, Cc. . 
From this Projection is deduced the following Axioms 
for the Solution of all the Caſes in plain Trigonometry ; 
and which (if well underſtood) are the Ground of the 
whole Art of Navigation, ſo far as it depends upon plain 
Triangles, and is folv'd by a Canon; which I ſhall firſt 


ſew in the following Caſes, and then proceed to ſhew | 
how it may be done without. : 


N _ arm n 1 P . 
, 3 8 F 
J by 8 
CR + 


4 The C onſtruction of the Sines, &c. Chap. t. 


ine of Chords, and the Diſtance S 30 upon that 


e Chord of 
60 Degrees is equal to the Radius, and hence it is, that 
the Chord of 60, commonly called the Sweep of 60, is 


xcle, or Arch of a Circle, whoſe Quantity in Degrees 


AXIOM 


S 42+ eg ' 
< T * * * 


— 
» 


the Side f 40 is the Sine of the 


ect. 22 Axiom in Trigonometry. 5 


8 
AX IOM I. 


In all right-angled plain Triangles, 11 one ſide be 
made Radius, the other Sides will be Sines, Sine- 
complements, Tangents, or Secants, as is evident from 


the Diagram; for, LETS | 
| Suppoſe in the Diagram the Triangle Ap , here the 
Side Ak is the Radius, and the Angle at A being 50 De- 
grees, the Side p & is the Tangent of 39, and the Hypo- 
tenuſe Ap is the Secant of 50; and what Proportion 
the Radius hath to the Side A. ſame Proportion 
hath the Tangent of 50 to the Side 4p, and the ſame 
Proportion hath the Secant of 50 to the Hypotenuſe A p. 
Again, if you will make the Hypotenuſe a Radius, and 
ſuppoſe the Angle at A be 40 Degrees; then in the Dia- 
gram it is repreſented by the Triangle Af 40, and then 
Angle at A, and the 
Side Af equal to W 40 is the Sine-complement of the 
Angle at 4, and then what Proportion the Hypotenuſe 
hath to the Radius, the ſame Proportion will the Side 
40 f have to the Sine of 40, and the ſame Proportion will 
the Side Af have to the Sine-complement of 40, Cc. 
and from this Proportion proceeds the ſecond Axiom. 


A SIGN IE | 
In all plain Triangles the Sides are proportionable to the 


Sines of their oppoſite Angles, and the contrary ; as in 
the Diagram in the Triangle above-mention'd, Af 40, 


it is demonſtrated, As the Radius or Sine of go to the £ 
Hypotenuſe, or Side oppoſite ; fo is the Sine of 4o to the 


Side oppoſite to the Angle at A, Cc. | : 
This Proportion, commonly call'd Oppoſite. Sides 


Oppoſite Angles, holds true alſo in oblique plain Trian- 


gles; only obſerve, That where you have an obtuſe Angle, 
diz. more than 90 Degrees, the Sine of it is found by 
ſubtracting the obtuſe Angle from 180 Degrees, the Sine 
of the Remainder is the Sine of the obtuſe Angle re- 
quir d. Y | 
hr B 3 . AXIOM 
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Axioms in Trigonometry, Chap. 1, 


AXIOM UI 


In all Triangles, as the Sum of the Legs of any Angle 
is to their Difference, ſo is the Tangent of half the Sum 
of the other two Angles to the Tangent of half their 
Difference ; and therefore, 
When there are given two Sides, and an Angle ins 
cluded, to find the other Angles, the Proportion is 

As the Sum of the Sides to the Difference of the Cides, ( 
ſo the Tangent of half the Sum of the unknown Angles 
tothe Tangent of half their Difference, which half Diffe- 
rence added to the half Sum, is the greater Angle, and 
ſuhtracted leaves the leſſer. | 


AXIOM IV. 


"In all Triangles, as the Baſe or greater Side, to the 
um of the other two Sides, ſo the Difference of the Sides 
to the Difference of the Segments of the Baſe, which 
Difference ſubtracted from the whole Baſe, the Perpen- 
dicular falls in the Middle of the Remainder; and ſo the 
- oblique Triangle is reduc'd to two right-angled ones, 
and may be wrought after the ſame Manner. 5 
By theſe Axioms are all the following Caſes of plain 
Triangles ſolved; in which obſerve, In right-angled 
* Triangles, the two Sides including the right Angle are 

called Legs or Sides, or ſometimes Baſe and Perpendicy- 
Jax ; and rhe flope Line is called the Hypotenuſe, Oc. 


- 


S EC. 


C71 


S E C T. III. 


Plai a Tri gonometr) Geometrical. 
Plain Trigonometry right-angled. 


CASE I. The Hypotenuſe and one acute Angle being 
given (conſequently both) to find either Leg, | 


Note, 'N all plain Triangles the 3 Angles make up 180 
Degrees, therefore in all right.angled Triangles, 

becauſe the right- angle is always go, the Sum of the other 

two Angles is alſo 90; and therefore ſubtra& the acute 


Angle given from go, the Remainder is the other acute 
Angle. | 


Given Hypotenuſe AC 550 


The Angle at A—— —— 35d on. Fig. 8. 
Required the Leg A8 „ pe 
And the Leg BC. | £ 


x. In this, and all other Caſes, draw the Baſe AB at 
Pleaſure, 1 


2. With the Chord of 60, and one Foot in 4 ſweep 
the Arch de. 3 

3. With the Chord of the given Angle 36, and one 
Foot in d, with the other Foot croſs the Arch at e. 

4. From A through e draw the Line AC, upon which 
fet off the Hypotenuſe $50 from A to C. | 


| 5. From C let fall a Perpendicular upon the Line 43 
to cut it in B, and 'tis done. | | 
The Leg AB meaſured on the ſame equal Parts from *_ 
which the Hypotenuſe was taken, will be found to be 
450: 5, viz, 459 and an half, and the Leg BC is 315: 35. 


B Sag ZR 2 
4 4 * * „ 2 - + 4 2 
, A 4 % 4 - " * > 

| =. 6 ] 


* 


© we * * 2 
Gs, 


Hypotenu ſe. 


Given the Angle A - 
Fig. 9 te Leg AB —— * 
RNRequir d the 13 ſe AC, 


1. Draw AB 449. 


2. With the Sweep of 60, and one Foot in A, draw 
the Arch de. 


in a, ſer off the given Angle 334 45m om dtoe. 
4. From B erect a Perpendicular BC. 


5. Through A and e draw the Hypotenuſe AC, till it 
croſs BC in C, and 'tis dane. 


The Hypotenuſe AC meaſur'd on the Scale of equal 
Parts will be found to be 540. 


£ A SE III. Given the Angles and a Lg, to fn the 
bther k 8 


iven the Angle A— d 45m 
. the Les AB ” mw 
Required the La BC. 


This is laid down as Caſe II, the fare Things being 


. given , and the 2% 2 'd Leg BC being meaſured will be; 
24] ound to be 300. 5 5 


1 eee ; An e 

1 _ >» Ka K gl * 
7 4 Baa 1 w - 

+ 4 1 

I % ; * * 


39 the 7 4c 


27 Kequir d the Angle 3 at A. 
io Draw AB at Pleaſure. | 


_3- From B erect a Perpendicular. 


4. With the Hypotenuſt d one Foot 1 in A croſa 
C © Perpendicular 8 El in 2 858 
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C A SE i. Given the Angles and 4 Lg, to find the 


3. With the Chord of the given Angle, and one Foot 


_ . C AS E IV. Gn the „ 4nd 6 : Leg, 9 fu 2 n 


2. Upon AB fer off the given Leg 449, from 4. to B. g 


5. From 


th 


Set. 3. Pla ain es) 8 
5. From the ſaid crofling to A draw the Line CA. 

6. With the Sweep of 60, and one Foot in A, draw 
the Arch de, and tis done. | 
The Arch de meaſured on the Chords gives 334 45m 

the Angle requir * 


GA SE V. Given the Higotenuſe and 4 "S to find the 
other Lag. 


Given the Hypotenuſe AC 540 
YO the Leg AB 13 -- 
Requir d the Leg BC. 


The laying down of this is the ſame as the fa be- 
cauſe the ſame Things are given; and the Leg BC mea- 
ſur'd on the ſame equal Parts from whence the given 


Paris are laid down, will be found to be 300. 


CASE VI. The Lew given, to find the Angles. 


Given the Leg 43 449 | 
the Le 5 —— 139 | Figs. If. 
| Requir d the gles, 


"i Draw 4B 449- 


2. Upon Bere& the 5 BC, and chereopon 
ſer off 300 from B to C 
3. Draw the Hypo tenuſe AC. 


4. With the Sweep of 60, and one Foot in A, tap ? | 
the Arch d e, and *tis done. 


The Arch de meaſur d on the Chords gives 33 d 45 
the Angle requir «, 


CASE VII. The Legs given, to find the Hyaennſe. | 


Given the Leg AB — 44 
„ 3 530 — IO 
Required the lypotenuſe A C. 


This 1 is laid down as Caſe VI And the Hypotenuſe AC 
ds on the Scale of equal Parts i is 540. . 
- -+S$03« 


F 


F „ _> "= ates. Sa... \" ** D 
* 
650 
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Of Oblique Plain Triangles. 


CASE I. Two Angles and a Side oppoſite to one of them 
 grven, to find the Side offoſite to the other, 


Given the Angle at 4 30 d 3 ng! 

| the Angle at B- —45 o ng! 
Hg. 12. the Side BC 290 om 
Required the Side 40. 5 C 6 

1. Draw AB at pleaſure, 5 A 


2. With the Chord of 60, and one Foot in B (the  T 
Angle next the given Side) draw the Arch de. | 
3: Upon that Arch ſet off the Chord of the given 
Angle 45, from 4 to e. | 

4. From B through. e draw the Line BC, and upon 
it ſet off the given Side 290, from B to C. A 

5: The Angles A and B being given, the Angle C is 
alſo known, being the Complement of the other two 
Angles to 180, and will be found to be 115d, and there- 
fore. with 60 of the Chords, and one Foot in C, ſweep 
the Arch f's, upon which ſet off 115d from f to g, and 
through g draw the Line CA to cut AB in A, and tis 


The Side AC meaſured on the ſame equal Parts is 410, 
the Sicle requir d. 
Note, When you have any Chord above 90 to ſet off, 
you muſt do it at twice, becauſe the Chords go but to go, 
Oc 


— 
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CASE II. Two. Sides and an Angle oppoſite to one of 
them given, to nd the Angle oppoſite to the other. 


Given the Side 43 560 
Fig. 13. the Side AC— — 410 
; the Angle at 3 454 018 
Required the Angle at C. 7 N 


1. Draw 


* * 9 N * * nw; 8 
25 N A he ©: _ * * 8 


b * 


>&. 4 Ol za —— G eee — 


1. Draw AB 560. 

2. Make the Angle B 45, and draw the line 3 

3. With the Side AC 410, and one Foot in A, toſs 
e Line BC in C, and draw 'the Line AG, and tis done. 
The Angle at Cmeaſurd on the, Sweep 4 1 gives 105d 
e Angle at C required. 

Note, This Caſe is ambiguous, and will admit of two 
nſwers; ſo that it is neceſſary that it be known whe- 
er the Angle at C be acute (that is, leſs than go) or 
bruſe (that is, more than 90) for if it be obtuſe, the 
ngle mark d C is the Angle requir d; but if acute, the 
ngle at O is it; for the Side AC 410 taken in the 
ompaſſes, and one Foot in A, it will croſs the Line 
C ' (continued) both in C and O, Cc. | 


"I 


The laying down is the ſame as in Caſe II, becauſe 
he fame things are given; and the Side BC meafur d on 
he equal Parts is 290, if the Angle be obtuſe; or 503, if 


be acute. 


n 

| A SE IV. Tee Sides and an Lilia between them gi. 

* ven, t9 find either of the other nt 

f 
2 | - Given the Side AC——— — 
p the Side AB — = Fir 14. 
4 the Angle 4 Po 

5 Requir'd the Angle B 


1. Draw AB 560 from A to 3. ty 
5 2. Make the 1 gle A 30d om, 

1 3. 3 Draw AC 410 from Aro G, 

% From C to B draw the Side CB, and tis done, 
5 The angle B meaſur'd on the Chords is 45d . 


ASE V. Given two Sides, _ the Angle * 


f them, to find the third Side. 5 
Given the Side AC ——41. 
the Side AB wn —— wy p 


the Aus le — 30d 
Requir'd the ſide B C. 


Haid dawn as Caſe Iv, and the Side BC meaſured is 290; 


5 CASE | 


11 


ASE III. Given as in. Caſe 11, to. find the third Side. 


Fig. 15. | the Side AC 410 | 


+ xx 
- 
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5 C AS E VI. Three Ales given, to find an Angle. 1 2NC 
© Given the side AB 560 1 


the Side BC 290 
Requir'd the Angle at 4. 


1. Draw AR 560 from A to B. 3 

2. Take the Side AC 410 in your Compaſſes, and with 
one Foot in A draw an Arch at C. 

3. With the Side BC 290 in your Compaſſes, and one 
Foot in B, croſs the ſaid Arch at C. 

4. From the croſſing of the ſaid. Arches to A and B, 
draw CA and CB, and tis done. 


a Angle at A meaſured on the Chords is 30 d om. 


L. 99 4 2-208 BF IR: — ö 
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Plain Sailing Geometrical. 


13 laying down all the Caſes of Plain Sailing, Traverſe, 
Mercator, &c. obſerve to make the Top of the Book 


or Slate North, and the Bottom South; the right Hand I fro 


and the left Hand Weſt, Cc. | 
blerve, that in the Application of right-angled Tri- 
angles to Queſtions: of Plain Sailin „the Courſe is al- nu 
5 the Angle at the Baſe: The Difiznce is the Hypote- 
nuſe: The Difference of Latitude is the North and South an 
Line; and the Departure is the Eaſt and Weſt Line of 
the Triangle. | 85 
Thus, in the 4 Triangles Fig. 16. N* 1, repre- 
ſents a Fs the N E. Quarter; Ne 2, 
Hg. 16. a Courſe in the S. E. Quarter; N* 3, a 
Courſe in the S. W. Quarter; Ne 4, a MM 
Courſe in the N. W. Quarter: And in each of theſe Mq 
Triangles the Point A repreſents the Place fail'd from, | 
and the Point C the Place ſaild to: and the An- 
gle at Ais the Courſe, the Angle at C mas, 
| | the 


-ri zect. 5» Plain Sailing Geometrical. > 
e Hypotenuſe AC the Diſtance, the Leg AB the Diffe- 
Fence of Latitude; and the Leg BC the Departure, Cc. 
ASE I. Courſe and Diftance ven, to find Dj erence 

„f Latitude and Dar, f 1 f 


A Ship fails 8. W. by S. 540 Miles, I demand Difference 


f Latitude and Departure. 


1. In this and all other Caſes of Plain Sailing, draw 
he North and South Line AB. > 
2. The Courſe being 3 Points from the Me- Fig. 17. 
idian, viz. 33d 45m, make the Angle at 1 
33d 98 from d toe. | h 
3- Thro' e draw the Hypotenuſe (or Diſtance) AC 540 
from A to C. | | 5 
4. From C let fall a Perpendicular CB to cut AB in 
B, and tis done. | 
The Difference of Latitude AB meaſur'd is 449, and 
the Departure BC is 300, Cc. 


CASE II. Courſe and Difference of Latitude given, 10 
find the Diſtance and Departure. | 


A Ship ſails S. W. by S. till her Difference of Latitude 
be 449, I demand her Diſtance and Departure. M6 

I. e AB the Difference of Latitude 449, Fig. 18. 
from A to B. | . 0 

2. Upon 3 erect the Perpendicular B C at Pleaſure: 

3. Set off the Courſe 33d 45 m and draw the Hypote- 
nuſe AC to cut BC in 0 and tis done. 85 

The Diſtance AC meaſured will be found to be 540, 


and the Departure B C meaſured is 300 Miles. 
CASE III. Courſe and Departure given, to find the Di- 
ſtance and Difference of Latitude. IA? 


A Ship Sails N. E. by N. till her Departure be 300 

Miles, her Diſtance and Difference of Latitude. is re- 

quired. | \ TT Eb 3 * 
1. Draw A Bat pleaſure; 


2. At 


— 4 


14 Plain Sailing Gebmetrical. Chap. 1.3 
2 6 ; a 2. At the Diſtance 300 the Departure give 4 
Fig. 19. draw the parallel Line de, | 49 


3. With the Angle of the Courſe 334 45” | 3. 
draw the Hypotenuſe A C to cut the Parallel in. = and 
4- From the croffing at Clet fall the Perpendicular CI 4 

to cut AB in B, and tis done. 5. 
8 * the 

0 Another May to lay it down. 5 4 

| de i 


4; Draw AB at pleaſure, 
2. Upon the North End thereof (becauſe the Ship ſails © A 
to the Northward) ere& the Perpendicular BC, upon 
which ſer off the Departure 300. . 

3. Make the Angle at C564 15m the Complement of 
the Courſe, and draw the Hypotenuſe CA, to cut AB 
in A, and tis done. : 

The Diſtance A C is 540. | 
The Difference of Latitude AB is 449. ; 


CASE IV. Diſance and Difference of Latitude given, 
'S | to find the Courſe and Departure. 


A Ship fails in the S E. Quarter 540 Miles, and then 
finds her Difference of Latitude is 449, her Courſe and 
Departure is required. | 
1. Make the Difference of Latitude AB 440 from A to 
B, and upon Beret the Perpendicular B C. 
Fig. 20. 2. Take the Diſtance in your Compaſſes, and 
_ one Foot in A croſs the Perpendicular BC 
3. From the croſſing C to A draw AC. 
2 With the Chord of 60 make the Arch de, and tis 
ne. 
The Arch de meaſur d on the Rumbs is 3 Points, or on 
the Chords is 33 d 4 . 
The Departure BC is 300. 


CASE V., Diflance and Departure given, to find the 
Courſe and Difference of Latitude, 8 
A Ship fails between the N. and W. 640 Miles, her 


Departure is 300; J demand her Courſe, and Difference 
Z — 


Set. 6. Traverſe Sailing Geometrical. 6 
1. Draw AB at pleaſure. p | 
3 2. At B erect the Perpendicular BC, and ſet 
off the Departure 300 from B to C. Hg a1. 
| 3. With the Diſtance 540 in'your Compaſſes, 
and one-Foot in C, croſs the Line AB in A. 

4. From C to the Croſſing at A draw AC. 

5. With the Chord of 60, and one Foot in A, make 
the Arch de, and 'tis done. „ 

AB the Difference of Latitude is 449, and the Courſe 
de is 3 Points, or 33d 45m. | 


CASE VI. Difference of Latitude and Departure given 
to find the Courſe and — I 


A Ship fails in the S. W. Quarter till her Difference of 
Latitude be 449, and her Departure 300; her Courſe 
and Diſtance is required. | | 

1 Draw the Difference of Latitude A B 449 from A 
to De - 5 

2. Upon Bere& the Perpendicular E C, upon Fir. 22. 
which ſet off the Departure 300, from B to C. 

3. From A to C draw the Hypotenuſe AC, 
, 4. With the Chord of 66, make the Arch de, and tis 

_ | 
The Diſtance AC is 540, and th 


e Angle at A, the : 
Courſe three Points, or 33d 45m. 


— * A —_ a — — 


d 

C 

is Traverſe Sailing Geometrical, 
2N | | 


98 Raverſe Sailing is of Uſe, when a Ship having ſet 
Sail from one Port intending for another, whoſe 
ourſe and Diſtance, from the Port ſail'd from, is given 
or known; but by reaſon of contrary Winds, or other 
\ccident, is forced to fail upon ſeveral Courſes, which 
re required to be brought into one Courſe, to know 
5 | N Ss thereby 


\ 


16 TraverſeSailing Geometrital. Chap: f. 
thereby (after ſo many various Tnrnings and Windings) 
the true Courſe and Diſtance made good from the Place 
fail'd from, and the true Point or Place where the Ship 
zs, that ſo (the Wind coming fair) it may be known how 
to ſhape a Courſe for the Place intended; and this which 
is the chief Subje& of Traverſe Sailing, may be perform'd 
ally two Ways, both which I ſhall briefly lay 
own. | 
The firſt is perform'd by drawing new Meridians 
through the Extremity of every Courſe, parallel to 
the firſt Meridian, or North and South Line, that you 
make at the firſt, and ſo ſet off every Courſe with a Sweep 
of 60, as if it was a Queſtion in Plain Sailing, You may 
alſo let fall Perpendiculars to every new Meridian from 
"the Point that the Ship ſail'd to upon that Courſe, and 
fo you have the Courſe, Diſtance, Difference of Latitude 
and Departure, to every Courſe; and this Method is 
very uſetul where the Courſes tend generally all one Way, 
A ithout interſecting one another. But if your Courſes 
Frequently croſs one another, tis beſt to lay them dow 
without new Meridians, vig. to ſet off one Courſe by 2. 
notker; for which Mr. Atkinſon in his Epitomy laid 
down 4 Rules; but they being ſo burthenſom to the Me- 
mory of young Learners, I ſhall not ſo much as name 
them; but ſhall lay down one Rule which is univerſally 
_ =X uſeful in all Caſes, and eaſily remembred, and tis this. 
1 Obſerve how many Points are between the Point nex 
>  - to be laid down, and the Point oppoſite to the Courſe 


_ .. laſt laid down, for that is the Point for laying down; 
__ __ therefore with the Chord of 60, and one Foot in the 
Point the Ship is laſt come to, deſcribe an Arch; upon 
which ſer off the Points found by the aboveſaid Rule, 
and through that draw the Line for the next Courſe, Cc 
I ſhall explain both Ways by Example; and firſt, 


How to lay down 4 Traverſe by new Meridiansi 


| A Ship bound for a Port diſtant 120 Miles N. E. 2 E 
.u⸗sils S. S. E. 30 Miles, then N. E. by N. 40, then E. by N 
"a 25, then N. N. E. 44; I demand Courſe and Diſtan 
1 made good, and alſo the Courſe and Diſtance to the Pos 
bound for. ; OE . 5 

| in 
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Sect. * 3 Sailing —— 17 
Fi, Draw the Line X H at Pleaſure, for a Meridian, 
| 1 dr North and South Line; and therein aſſume a Point, 
| 4 as at A, for the Port faiPd from ; then with 60 of the | 
| hords, nog. one Foot in A, draw the Arch Ln, upon 
hich ſet off two Points, (becauſe the Courſe i is SS. E:) Rm 
from L. to m, and draw the Line Am, upon which ſet 4 
off the Diftance 30, from A to B, then is your Ship at 3; | 
then let fall the Perpendicular BK, then i is AK, 270 7+, 
he. Difference of n and 2 11 d 5m, the De- 
parture for the firſt Conrle Then for the ſecond 
Courſe with the Diſtance K B draw 4 Parallel BN, and 23 
thereby, with the Chord of 60, as before, ſet. off the + 0 
ſecond Courſe and Diſtance, N. E. by N. 40, from B to C, > 
and let fall the Perpendicylar CL, then is — Ship at 6 
the Difference of Latitude upon chat Courſe is BL 33 
: and the Departure CL 22: 2 Then proceed in 
* ſame manner for the third Courſe; with the Paral- 
lel CO, ſet off E. by N. 25, from C to D, and * the 
1 Line DP, from which wh off the laſt- Courſe, N. N. E. 
then: i is your Ship at E. Now ſeeing the Ship came 
From A, and is now at E, the Line AE — on 
he ſame equal parts, upon which all the other Diſtances 
ere taken, will be found to be 91 Miles, and the Are 
meaſured on the Rumbs is 5 Points, viz. N. E. by E. 
at the Ship is/ now 91 Miles, N. E. by E. from the 
Port ſaid from. 
Nom to find her Courſe and Diſtance to the Port 
1 Pund for, ſet off 4 Points f upon the Arch R Q, from 
to , and from 4 thro $ draw the Line AS F; upon 
which ſer off 120 (the Diſtance from the Port ſeild from — 
o the Port bound for) from A to F, then is F. the Port 
—— for; now the Port bound for, being at F, and te 
Ship being but at E, therefore the Line EF meaſord 'on * 
he ſame; equal Parts that the reſt. was taken _ 
from, will be found to be 31, and the Arch F 2. 2 bs. 
g V meaſured on the Chords is 354-1222, or 
E. by N. ſome what — Ofc. 2% 


He 10 lay down 4 Traverſe without» new Meridians.. _ 
| Finf, D raw a North and 3 © IE as in the bunte, Ss 4 


as the Line 3 RM); in- which aſſume a Point, as at A, for > 
7 | C the 9 
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18 Bt erſe Sailing Geometrical, Chap: x: 
the Port ſail d from; then from A ſet off the firſt Courſe 
and Diſtance, via. N. N. W. 68. from A to B; then for 
the ſecond Courſe, with the Chord of 60, and one Foot 
in B, draw the Arch TW, upon which, for ſetting off 
the next Courſe S.S. W. 70, obſerve the Rule at the Be- 
ginning of Traverſe Sailing Geometrical, viz. Take the 

amber of Points between 'the Point oppoſite to the 
laſt Courſe ſail'd, and the Point you are next to ſail. 
The Reaſon of this Rule is this: If from A to B your 


Courſe be N. N. W. then back from B to A muſt needs 
be 8. S. E. (the oppofite Point) and then if you were to 


ſail S. by E. it muſt be one Point to the Southward of that 


S. S. E. Line; if South it is two Points, and conſequently 


my next Courſe being S. 8. W. I ſet off 4 Points from T 
to W, and through W draw the Line BC, which is a S. S. 


Ly > W. Ling, upon which ſet off 70 Miles from B to C, and then 
is your Ship at C: Then for the third Courſe, if from B to C 
be 8. S. W. then from C to B is N. N. E. but my next Courfe 


— 


being E. half N. the Points between N. N. E. and E. = 


N. are 5 Points and an half; therefore, with the Chord 
of 60, and one Foot in C, draw the Arch xy, upon 


which ſer off 5 Points and an half, from æ to), and thro 


y draw the Line CD, upon which ſet off 90 Miles from 
C to D, then is your Ship at D; after the ſame Manner 
lay down all the reſt, as DE W. N. W. halt N. 70; then 


en your Ship bei 


Miles is the Diſtance made good, and the Angle at A is 


four Points, viz. S. E. but the Port intended for being 
SW. 55. I ſet it off from A to & but the Ship being at #, (Wl 
the Line HK 62 Miles is the Diſtance from the Sh 7 
the Port bound for, and the Courſe is found by meaſuring Rm 
the Anzle at H71 d 48m, or W. S. W. more than xQuar- 


ip to 


ter Weſterly, Cc. 


The Ouftion. A chip at A bound for a Port at K whieh 
bears S. W. from A diſtant 55 Leagues, but 


Eg. 24. meeting with contrary Winds, ſhe ſails N. 9 
5 N. W. 68 Leagues, then 8. S. W. 70 Leagues, 

then E. half N. 90 Leagues, then W. N. W. half N. 70 
Leagues, then S. 25 Leagues, then E. half S. 45 Leagu 8 "iN 
„ 2 C 1211 n ' BY 


. 
wa * 


"ITE" * 2 ER T TY rn * ha as 4th * 9 ** b * 
* — — 4 1 


E F South 25; then FG E half. 45; then laflly, GH 9 
South 30, which is the laſt Courſe: 0 
at H, and the Port ſail d from at 4, the Line AH 


Ta b— LL; A. kh © — 8 3 J 0 Dn SRI . 


Set. 6. Traverſe Sailing Geometrical. 19 
then South 30 Leagues; I demand Courſe and Diſtance made 
good, and Courſe and Diſtance to the Port bound for. 


＋. 
How 10 2 4 Traverſe, or any other right-lined Figure 
from the Slate to a Book, or from one Book to another. 


In the firſt Line RM make 2 or 3 Marks, as at N, A 
and ; then in the Book in which you | 

would lay it down, draw alſo the facie Fig. 25. 
= Line, and take the Diſtance R A, and | 

ſet from R to A in the new Draught; likewiſe ſet: 
= the Diſtance AM from A to M: then for laying 
== down the Courſes; as firſt, from A to B, with the Di- 


ſtance AB in the old Draught, and one Foot in A in the 
new Draught, make an Arch at B; then with the Diſtance 
= MB in the old Draught, and one Foot in M in the 
new Draught, croſs the former Arch at B; then from A, 
and the croffing of theſe Arches, draw the Line AB; 
then, for the Line BC, with the Diſtance RC, and one 
Foot in R, draw a ſmall Arch, and with the Diſtance 
BC, and one Foot in B, (or with the Diſtance MC, and 
one Foot in ) draw an Arch to croſs the former in C, 
then from B to that croſſing draw the Line BC, and ſo 
in the reſt of the Courſes, And note, you need not re- 
= gard what two Points you take in the old Draught for 
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Mercator”s Sailing Geometrical. 
M Ercator's Sailing is laid down by a right-angled Tri- 
angle; as Plain Sailing, only the Triangle hath two 
Ferpendiculars, the ſhorter repreſenting the Departure, 
: 55 in Plain Sailing, and the longer is the Difference of 
Longitude. 3 | 
Thus in the Triangle annexed, A repreſents the Place 
-.,-.-._ »falld from; the Angle at A is the Courſe, and 
Fg. 26. the Side A B is the proper Difference of Lati- 
3 tude, and BC the Departure, as in Plain Sail- 
ing. The whole baſe A D is the meridional Difference | > - 
of Latitude, and the Perpendicular P E is the Difference 
of Longitude; and ſeeing the Angle at A is common to 
both Triangles, ABC, and ADE, therefore the Baſe 
'ABis in Proportion to the Perpeadicular BC, as the whole 
-Baſe-ADis to the Perpendicular DE: And hence comes 
the Proportion; as proper Difference of Latitude to meri- 
dional Difference of Latitude, ſo is the Departure to the WM 
-Difference of ne. Euclide, lib. 6. Fro. . 
The Meridian Line, with the Scale of equal Parts net 
to it, upon the Scale, are of Uſe for laying down Que- 
ſtions in Mercator's Sailing; they are the two lowelt Lines 
upon the Scale, the Meridian Line marked [Merid.} and 
5 the equal Parts marked [ Eq. P.] the Graduation of the 
Meridian Line increaſes, and the Degrees of Latitude &: | 
Br bigger near the Poles ; the Difance and roper Þ: 5 ö 
Difference of Latitude may be taken off the equal Parts, Wi 
and the meridional Difference of Latitude off the Meri- WF © 
dian Line, if the Queſtion. be ſo large as to permit it. 
Nevertheleſs, in ſmall Queſtions, and ſhort Diſtances, WW 
f where the Diſtance between the two Latitudes upon the 
Meridian Line is too little to make a handſom Queſtion, - 
you may find the meridional Difference of Latitude, by MM 
the Table of meridional Parts, and ſo take both it and 
the proper Difference of Latitude, with the Departure, 
Diltance, and Difference of Longitude, off any -— on E | 
7 8 arts 
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X Parts that you think wilt be proportionable to the Volumes 
that you would have your Queſtion to contain; only 
take Care, that from whatſoever equal Parts you take 
the given Sides, you maſt. meaſure the requir'd Sides 
"4 (when found) upon the ſame equal Parts. I ſhall inſtance 
in both Ways, in the following Examples. 


4 CASE: I. One Latitude, Cour fe and Diftarice given, 10 
Fd the other Latitude and Difference of Lon, inde. 


8 A Ship i in -Jatitude: 504 om North fails N. W. by N. 
W 537 Miles, I demand the Latitude come 40, and Diffe- 
Ws xcnce of Longitude, _ Ts 009 2X 1,9] 
1d. Draw A BD at dletfuns;: 1. 2 
= 2. At an Angle of 33d 45 draw A c ere upon 
vhich from the equal Parts ſet off the Din 987 from 
. 5 ' A to C. 5 I 
e 3. Let fal the Perpendicular CB. 
134 40m. which added to Lat., 59, gives! the Latitude 
come to, 63d o. 
65. Extend the Compaſſes upon the Meridiao Line from 
50 to 63d Jon, and ſet that Extent upon the 


8 5 meridional Difference of Latitude. 


N 4 I 6. From D erect the Perpendicular DE, to cut AC E 
3 8 q in E, and tis done. 1 791 


* Latitude, which added to the Latitude'ſail'd from (be- 


d 

c cauſe the Ship. ſails to the Northward) Produces 63d 408 
le the Latitude come to. I 
PE 2017 is the Difference of Longitude required, 
s, | 
i-ECASE H. Both Latitude and Courſe given, t0 find the 
t. | Diſtance aud Difference of Longitude. 1 Eben 
85 


titude 684 30m; I demand as above. 


Lat. 564 259 to Lat. 684 30m, and ſer that 


hs, 


C 3 | 2. Take 


eckt; 7. Mercator s Suiling Geometrical, 2x 


4. Meaſure AB the Difference of Latitude 820 min. or 


ine AD, from A to D; then is AD 15795 the F .* 27+ 


Then is 4B 820 min. or 134 40 m the Difference ok 


A Ship in Lat. 56 d 25 1 North ſails N. N. E. i into Ia | 
1. Exten the Compaſſes on the Meiidian Line Rum | 
Extent on the Line AD, from A to D. Fig, 28. 


22 DMercator's Sailing Geometrical: Chap t⸗ A ! 


2. Take 725 ( the proper Difference of Latitude 
in Minutes ) from the equal Parts under the Meridi- 4 
an Line, and ſet upon the Line AD, from A to B. | 
"2 At an Angle of 224 30 m (the Courſe given) draw | 3 
the Hyporenuſe ACE. . 
At B and D erect the Peryanditalers BC and DE, 
and 'tis done. 'Y7 

Themis 40788 the Diſtance, and DE 660 is the Diffe- 
rence" of. tude required. 4 : 

Note, Upon the equal Parts under the Meridian 3 
Line, every Degree being 60 Minutes or Miles, every 10 
Degrecs- is 600 Miles; and ſo for 660, ſet one Foot in 
10, the other extended one whole Diviſion beyond the = 
Cypher towards che gat Hand is | 660, and. 2 Diviſions 2 
Ss 720, we F 


C ASE 1. 8 Latitude, Cunt and Difference of Lon- b | 
Situde given, to find the other Latitude and Diſance. 3 


A Ship in Lat. 50 ſails N. N. W. til her Difference of 
Longitude be 7 Deg. or 420 Minutes; 1 demand as above. . 
1. Draw ABD at pleaſure. 3 

2. At an Angle of 22 d 30 m draw the Hypo- 
Fig. 29. tenuſe AC continued. - 
3- At the Diftance of 420 (the Difference of 3 
| Longitude) draw the Line gb parallel to A D. I 
4. From the Point where that Parallel interſefs che 
Ey potenuſe, as at E, let fall the Perpendicular ED. x 
5. With the Extent A D, and one Foot in the given 2 
Latitude 50 upon the meridian Line, extend the other 
upward, becauſe the Ship ſails to the Northward, and 
the other Foot will light upon 59 4 40m, the Latitude 
come to. 

6, With the proper Difference of Latitude 580 (off the 
N Parts) and one Foot in A, and the Point B in the 
Line A BD. 

+7. At B erect the Perpendicular B C, and tis done. 

Then is A B 580 the proper Difference of Latitude, 
which reduced into Degrees and Minutes, is 9d 40m, 
which added ta the 1 ſailed from, viz. 50d on, 
the Sum 59 d 40 m is the Latitude come ro, and AC 628 it 
; Phe nee required. | * 

| Cas 
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1 wc 7.  Mercator's Sailing oa. 23 


1 oh cas E IV. Both Latitude and Di aner given, to find the 
1 | Courſe, and Difference of Hg, | 
4A Ship i in Latitude 50 d North, ſails 3 505 Miles, and 
5 is then by Obſervation in Tat. 1 34 1299; I demand as 
E, above. 

8 This Queſtion being larger than the Book can conveni- 
fe- 4 ently contain, if taken off the Meridian Line, I ſhall take 
ian Nit off a Scale of leſſer equal Parts, and find Meridional 


ifference of Latitude by the Table; 
1. Draw ABD, upon which ſet off the proper Diffe. 
Wrence of Latitud 2208 from A to B, and the 
MNeridional Diff: erence of Latitude 2676, from. Fig. 30. 
84 to D. 

2. At B and D ere the Perpendicolnng BC and DE. 

3. With the Diſtance 3505, and one Foot in A, with 
he other croſs the er ular BC in C. 

Draw AC continued to E, and tis done. 
14. he Angle B AC meaſured on the Chords is 50 d 55 15 
1 and the 1 DE 3298, is the Difference of 
4 | angizade ire | | 


AS E v. Both Latitudes and Departure given, to find 
Courſe, Diſtance, and Difference of Longitude. 


A Ship. in Latitude 55d North fails in the North Eaſt 
bh 2 uarter into Latitude 56 d 10m North, her departure 50 
3 iles; I demand as above. 
iven ET hs and- all the following Queſtions in Mercator's 
ther 4 ailing Geometrical are too ſhort Diſtances to be taken off 
a the Meridian Line, I ſhall therefore project them from 
rude larger equal Parts. 
I. Draw the ABD, upon Sith ſet off the proper 

E thelf Difference of Latitude 70 from A to B, and the 
the ; Meridigaal Difference of Latitude 124 from Fig, 31. 
A to | 
Gs 2. From the Points B and D erect che Perpendiculars 
rude WF BC and DE. 
40, 4 Upon BC ſet off 1 Departure 50 from B to C. 
10m, 4. Thro' the point C draw the Line AC continued, ll | 
28 18 it cut the Perpendicular D DE in Hi and 'tis ps ; n 


WW EE C4 | They. 


the | 


ee Sealing Abe Chis: 14 


Then the Angle at 4 meaſured on the Chords, is 5 d 

zm for the Courſe, \ which is N. E. by . fomething 

ſterly, and the Hypotenuſe A'C'86 is the Diſtance, an 
the e DE 89 is the Difference of F 


e IT 1 


Cc A 8 E VL. 3 75 3 Fo Dif erence. 15 Longinudt 
| Ziven, 10 find. the rc oo 


Leer l > Place, or in Latitude 564 150% 3nd the 
othe 4 70 e 5m, their Difference of 
. gon e Courſe from the* then: 
moſt C o the nf ery and alfo their Dittance and 
. 1 g „ 
1. on t * ABD ſet off the oper Diff. Lats 
5 ind Merid. Diff. Lat. to B and B. 85 there 
ve: ad erect Perpendiculars, as in Caſe che Fi Fifth. 
2. Upon.D E let off the Difference Ska 
tude 15 1 e MATES CH 
53; From 4< az ch zotenuſe AC' to cu 
Air B C 80 the eparture ;'the Angle FE 
A 29d 53m is the Courſe, and AC 161 is the Diftance. 
Note, The Figure placed between B and D (as here is 
260) is the Meridienal Difference of Extmyde  repteſented, 
by the whole Line AD. © 


TA SE” VIE. Obe Latitude, Corr fe And D. aride 2 
nd Ful the other Latitude, Diſtance, and Dij e de. 


5 Sb in Latitude 584 o North rails 8.8. 00 
e be 's. Miles of Fn OF e 25 


2 288 F * 


e. 5 
1. Draw AB Dat, pleaſure. £1169 72-6 
* 925 4 N N Anple of 28 d 7m, the Geb eur 


Fig. 33- draw, ACE continued. | 

AE 3. Ar 60 Diſtance ae BD 6 K. 2 

Para e d. where it cuts A as in t 
The he Han whe | 
hen is AB Zo. ho SC of Latithde, by 
1 you may find the Latitude, Courſe, and alſo the 
_ Meridiotia! Difference of Latitude, which Ea as dis 
_ refed in Mercator”s Sailing Trigonuetrical, e the Rolls 
e, Which ſer from A tl, q. 


Fo 7 Rais 4 


5 411 


= ww 2 _ 1 
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5. Raiſe the perpendicular DE to cut ACE in Es and 
1 ne. 
4 S Lativude « come to is Kahn 8m, the Dif. kauen 


A SE VIII. One Latitude, Difante, a Do 2 I 
given, to 17 the other e e, and Di erence 42 


5 Longitud . 5 jo: 
' 15 ; 23 


"_ þ A Ship 3 in Lat. 58 d om N. ſails dae * - South ſe 

E VelPy27 Miles, het Departure 60; I demand the Mt 
_— See the Figure in Caſe the ſeventh. 
"F 1 Draw AB Dat pleaſure. 3 8 | 
»* 2. At 65 (the Departure) Diſtance from 455. tive | 
* ae © Parallel r | ö 

4 3. With 50 Diſtance 127 and” one Fobt i in Ae ciol 
He By ell e —4 Geber EGF Þ 5 =_ 
24. 1 erpendicn to.cut A "2 
= 5 is A the proper Diff. Latitude, by which fi 1 5 f 
eridional Difference of Latitude; as in Caſe VII. HI. which 


k 

Et from A to P, and raife'the Perpendicular' DE---- 3 4 

B From 4 throu h the Croſſin 8 at C, draw ACE, A 

ar DE in E, and tis done. 3 

1 The Latitude come to is 56 8, m, "th Angle 4. the 

% Fourſe 28 d 7 - a 
Tee. Longitade PE is 33... |; 


<a 
, WP in?! . i 
24170 — Tx >» ö 2 
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| rent Sailing Geometrical, 


{HERE are only two wa s moſt uleful and intelli- 
gible for laying down Parallel Sailing 3 ; the one 
of Helen: the cher | Plain Tria 5 = 
the firſt of theſe it is laid down. by a Fi ee 
hat like a Bell, from whenee ie Oy N 5 
W's Name. In this Figure the two Sides AD Fig. 34. Y 
| and 4 E are equal (vis. N to che Radius Gs YN 


1 TTY * 


* 
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. * 
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Sine of 90; or if you think the Projection will be too Ie 
ſmall, you may make them twice the Sine of go, pro- 1 cut 
| vided Jou take all the other double alſo.) and then Di 
the Line B C repreſents their true Diſtance in the Paral, 
| mY and D E repreſents their Diſtance in the Faul, 1 
or Difference of Longitude. | 
Ts: other Way is by Plain Triangle, in which” 2 or 
Hedesrhe An 1 are equal to the Complement of the 1 
* 35. Latitnde in which their Diſtance is required ; e 
and therefore if their Difference of e. P fl | 
or Diſtance in the Egquinoctial, be iven Ms required, the | = 
Triangle i is right · angl ed, as in the gure ; there the . 
Angle at A is equal to che Complement: of Tn the 1 2 
| Perpendicular BC repreſents the Diſtance, and the Hy- - 
| potennſe & C, the Difference of Longitude. . * * 
But when the Diſtance in one Parallel is given, nd p | | 
the Diſtance in another Parallel r uired, it makes an 
oblique Jxiangle, viz, with 2 * les (becauſe the 
- Comp lemenr of all Latitudes, except, Latitude od om, Ei 1 
vir. der the Equinoftial, is leſs than go Degrees) as 1 ä 
iin the fi *; wherein the ry Ha at 4 re- T 
le. 36. Preſents the Complement of one Latitude, and 


its pelle Side BC their Diſtance in that Pa- 11 

„ | ralllel; and the Angle at B is equal to the panther Pac i 3 b 
* _of the other . and its oppoſite Side AC repreſents 3 bo 
| their Diſtance in that Parallel, ſuppoſing each Ship keeps 
always under the ſame Meridlan; and this by oblique 
Ifjangles: is uſeful only in the two laſt Caſes, 1 


1 17. Ships or Places in one Parallel, their L- 
3 titude and Dif engs even, to find their Liferenet * Lon- = | 


; Two hips in Lat. 50, diſtant 76 Miles ; 1 demand as 

_ Ve. by 
3 3. With the Sine of 90 (or Chord of 600 and one Foot Þ 
in A, ſweep the Arch DE. F 
Eg. . Wich the dine of 40 (the Complement of La- 
titude) and one Foot in A, ſweep the Arch BC. 
3. Take the Diſtance 76 from any equal Parts, and ſer i 
from Z to C nt draw 2 Line 4E ; through the OE | Z 


JB | ; 2 C, 29 | 


„seg. 5. Parallel Sailing Geometric, 2 — 
0 3 Cut the Arch D E in E, and draw A D through B. 
| 1 Draw the Lines BC and DE, then is BC 76 the 
D Wins, and DE 118 the Difference of Lon kde. E 
The ſame Queſtion by plain Triangle. 


1 4 1. Draw the Line AB at pleaſur e.. 


: X 2. At an Angle of 40 Degrees, the Camplac gh 

e 3 = bags draw the Hypotenuſe 4 C * Trig. 38. 
1 

qd 1 3. Draw the Parallel eg diſtant from 4b, 76 the Di- 


Where that parallel interſefts the Hypote enuſe AC, 
s in the Point C, let fall the Perpendicular c B to cut 
B in B, and tis done. 
nen is BC: the! Diſtance . and 401 18 the Diffe- 
> rence of * 0 


"A 8 E- II. Latinde 2 0 ence 0 Lok le een 
la eee 10 find the r. 1 , rg 6 bi 


„ 1% oo a8 ty ot ons | 
4 1 e Ship s in Latitude 50 33s their Difterence of Longitude 
3 2-18; I 4 their Di | 

2 See the Figures: in Gel. 
0 F B ell-faſhidn. . & XS By Plain Triangle. 


WS 1. With the Sine of yo} 1. Draw AB at pleaſyre. 
raw the Arch DE, and] 2. With 40 Degrees, the 
ich the Sine of 49, the Complement. of Latitude 
% omplement: of Latitude, make the Angle at A an 
raw the Arch BC, as in draw the ſy otenuſe AC, 
aſe the firſt. upon which ſet off the 
# 2. Set the Difference of| Difference of Lengitude 118 
3 118, from D to from A to C. vi: ng 
3. From C let fall the 
| 3. Draw * Fe AD Perpendicular CB to cut AB 
4 and 4 E, which will cut in 13 and tis done. 

the Arch C in B and C. . | en is BC 7 the Di 

4. Draw alſo the Lines ſtance required. 


„ 234 


: Y 5 E and DE, and ' tis done. | 
> - Line BC 25 is he . 5 yon 
1 pi nce 2 5 „ ee 
84 1 1 5 | 
1 AS 
| p Y ROE 


28 Parallel Sailing Geometrical. Chap. r 


C A S - Difance and Difference of Lon itude 1 wen, te oh 
We, 2 the Farallel or Se by * 11 ? £ | 
A Ship fails due Weſt 2700 Miles, her Difference of hon 7 
K 200 Min. I demand what Latitude the Ship ſails in. NF 
ich the Sing of 99 and one Feot in A, draw. the 
Arch DE.” IN. . A 4 
2. Set the Difference of Longitude 4200 From BY 
to E, a the Line DOH. 9 
on wh; OA Draw the Lines AB D and ACE. © 
4 Biſſec the Line oo — , and vraw Am., 
3.5 the Lines 34 75 51 Paralleb to Am, and 
ai rom Am equal to half the given Diſtance 1350. 
6. | Where theſe Parallels.croſs the — ay and AE, 
with the fixed Point of 5 


Then place « one Foot in by and the other in B or C 
that Extent” applied t ou The natural. Sines will reach to 91 
40, the Complement 0 Latitude; ſo that 50 1s the La- F< 
titude required. 5 n WE 
2 Plats Triangle... 51 Pe | 4 

1. Draw AB continusd. 2 

27 Any where, as at B, cen EY 3 di- 3 
Fig. 40. ay BG ang; ſet off the Diſtance 2700 from | 


to C. 4 5 14 7 X 3 
+26 With the, Difference? of Longitude 4200, and one 9 N 
Foot: in C croſs the Line. 4 B in 4. and draw the Line * 
NUTR BENT K 1 
No Wick the Chord. of 60, and one Foot in 4 a = | 
the Arch. 2 F 
The Angle at 4 . on the Arch q e, is 40 De- F 
grees, the Complement of Latitude required. ij 
CASE IV. Two Ships ſs 1 directij North or "Soi, = | 
their Diffence in one Parall 6 Ink to find their Difeic 2 
In another Herallel. 3 
5 8 two Ships in Lata $9 North, diſant 200 
Nor, they both fail directly North into Latitude 73 | 
their Diſtance in that Parallel is required. 
With the Sine Complenſent of the Lativade i in which 
their Diſtance is given (viz. Sine Complement | 
Fig. 41. of 50, which is Sine of 4) and one Foot in 75 ge: , 
CI1DG 


_ RE 
— * bY. * 
* 3 


. Ip 


Nest. 8. Parallel Sailing Geometrical. 29 
9 Icribe the Arch DE, and upon chat ſet off ae Diſtance 
| J in that Parallel 200 from D to E. 2, 

| 2, Wich the Sine of go draw the Arch FG. 


7 


4 8. 

4. With the Sine Complement of the other Latitude, 
eg (which is the Sine of 17) and one Foot in 4 
draw the Arch BC to cut AF in B, and AG in C, and 
draw 
The Line BC meaſured on the fuk equa] Parts Frome 
which you took the firſt Diſtance DE, will be found to 
be 91, the Diſtance of the Ships in Latitude 735 and if 
their Difference of LEY were required, it 1 be 
found * meaſuring the Line FG. 


By Plain Triangle. 


here is given the Angles A and B, the Complement of 
AI Wes Latitude, and the Side BC their Diſtance 

in Latitude 50, to find their Side A C their Fig. 42. 

| Diſtance in Latitude-73 : So that here is two 
Angles and a Side oppoſite to one of them given, to 


S So 3 . 
5 5 W 2 F s Fa Ka 1 1 


r oy 2 \ 5 7 & CY 1 — % 
8 A 3 U ͤ Tc 
85 — CAD 8 2 8 = 9 . Lee TEA vo V WS 7 of * 7 KR. 2 
7 > . * "1 7 WL. 


a * 
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by: "Je £ 


* 
vw 
5 


— eg 
9 F 
* — 4 
FEET: 


1. | nd the Side oppoſite to rhe other, by Caſe I, of Ob- | 


. Jique Plain Triangles, to which Trefer you. 


e TAS E. V. Two Ships in one Parallel, with their Di- 
e 8 farce in that Parallel H iven, ſailing both directiy North or 
South, and then the ir Diſtance in the Farallel come to to given, 
w 10 find the en come to. 


„To Ships in Latitude 50, diftant 200 Miles, fail 
North till they are but 91 Miles diſtant; 1 demand the 
. titude come to. 

21. With Sine Complement of 50, and one F oot in A, 
1 8 the Arch DE, and ſet off 200 from Dito Ay 


E, being the given 'Diftance in that Parallel. Rs. 43. 


o. '2. Through D from the Point A draw the 

3 Line A F and from A through E draw AG, { having firſt 
drawn the Arch FG with the Sine of 99s / 

h nn 2 Biſſect FG in , and draw the Parallels, 2 band i# 

t diſtant from A equal to half the: Diſtance in the Lati- 

- {rude come to, viz. half 91, which:is 4543+ = 

6 4. Ob- 


2 From A through D and E draw the Lines AF and 


"I 


* Middle Latitude Sailing Geometrical Ch. 1. 
4. Obſerve where theſe Parallels cut the Line AE and 1 
AG, as ia Band C, therefore draw the Arch BC and 

the Line B C, and tis done. 4 
; Then A B er AC, taken in your Compaſſes and ap- 3 
1555 to the Sines, will reach to the Sine of 17, = = 1 
of the Latitude 88 ſo that the Latitude come to 
| 577 Plain a „See the Triangle in Caſe IV. in 3 1 
which there is _ ** Side B C 200, their Diſtance in A 
Latitude 50, = the Angle © oppoſite, viz. at A the Com. | 
plement of that Latitude: There is alſo given the Side . 
AC, their Diſtance in the Latitude come to, to find the A 
Angle at B the Complement of the Latitude come to; ſo 3 AY 
that here are two Sides and an Angle oppoſite to one of i 
them given, to find the. Angle oppoſite to the other byY 
Caſe Il of Oblique Plain Trigonometry Geometrical. 


. 


* 
* : 
ex 


8 E C r. IX. | 
Mzddle Latitude Sailing Geometrical. 3 


T HERE are innumerable Ways of projedtin A118. © 
dle Latitude Sailing. I ſhall not trouble the Reader i 
with them all, becauſe niany of them are altogether rele- = 
| leſs and impraQicable at Sea; I ſhall therefore only inſert 
thoſe Methods that may ſerve as a Demonſtration and F | 
Proof of the Proportions laid down in the Trigonome- . 
trical Part of Middle Latitude Sailing, and omit the reft ; 8 
being unwilling to put the Reader to the Charge of any 1 X 
thing, but what may be uſeful and profitable. i =! 
The firſt Proportion mentioned in  Medale Latitude Sail. 1 

ing Trigonometrical, is, As Difference of Latitude to Diffe- 
rence of Longitude; ; ſo. Sine Complement of Middle La- 
titude to the Tangent of: the Courſe. Or (which is the 
ſame) As Difference of Latitude to Sine Complement of 
Middle Latitude; ſo Difference of Longitude to the 
Tangent of the Courſe. 1 
The firſt Queſtion there, is in Cale I. One La, 

our ſe | 


( 
» 
7 | 


7 1 
x 


1. ect. 9. Middle Latitude Sailing Geometrital. 31 
1d Poss ſe and Diflance given, to find the other Latitude, De- 
Parture and oe ren of Longitude. > xl 
A Ship in Latitude 50d 0 North, fails N. E. by N. 
87 Miles; I demand the Latitude come to; with Depar- 
re, and Diff. of Longitude. - | 5 
IF Note, I ſhall inftance, in this Queſtion, Examples of 
un the different Ways that I ſhall inſert for projecting 
Middle Latitude Sailing, and for demonſtrating the Pro- 
Portions generally uſed therein, ſuppofing it too tedi- 
us to inſert all the different Projections and Demon- 
de rations in every Caſe thereof, and firſt for the Propor- 
oon above mentioned. e IA 


074 | Geometrical Conſtruction. 


Draw the North and South Line AB, and with the 
ven Courſe and Diſtance lay down the Tri- 
„ | Rngle ABC, as in Plain Sailing Geometrical, Fig. 44. 
aſe I. and thus having fouiid the Difference . 
atitude, and conſequently the Latitude come to, and 
Middle Latirude; ſer off the Sine of the Coniplement of 
Middle Latitude from A to h, and ſet off the Radius, 
dine of go, from A to e, and erect the Perpendiculars 
and eg parallel to BC, and continue BC at pleaſure: 
hen obſerve where the Hypotenuſe 4Ccuts the Perpendi- 
lar eg (which is erected from the Sine of go) as in &; 
Men take in your Compaſſes the Extent e &, and place 
fe. Wm + to i, and from A through i draw the Line AD to 
ert the perpendicular B D in D; then is BD 1003 the 
nd Pifferenee of Longitude required, and BC 548 is the De- 
rture, and AB 821 is the Difference of Latitude, the 


-y .X ſpotenufe AC 987 the Diſtance, and the Angle BAC 
ly ” $I 197 is the Courſe from the North Eaſtwards, or 
MN N. E. y N. "ng | b N . YT ; 


4 Now that this is a demonſtrative Proof of the Analogy 
r Proportion before mentioned, is evident; for as AB 


ffe 1 
1 
48 

1 


La. e Difference of Latitude to Ah the Sine Complement 
the Middle Latitude, ſo is B D the Difference of Longi- 


ade to hi, which by Conſtruction is always equal to e& 


. be Tangent of the Courſe: And that it is, As AB to 


{h, ſoBD to hi, fee Euclide, lib. 6. Prep. 4. Therefore 
C0 COL LOIN 


32 Middle Latitude n i... ch 1. * 8 
Lee {o Difference of Longirude ta Tangent of the 


Another Secret is, As Sine Complement of Middle | 4 it 
Latitude to Radius, ſo is Departure to the Difference Pit 
Longitude, which may eaſily be projected and demon Peg 
ted in one right-angled Triangle; to which if we affirWin: 
another right angled Triangle, which is common in Nai or 
Sailing (uiz. as Radius to che Diſtance, ſo is Sine 4 de 
of the, Courſe to the Departure) making the: Perpendieu ic 
lar, which is the Departure common to both, you will = 
thereby have conſtituted an oblique Triangle, whoſe Fro | 8 A 
portion between its oppoſite Sides and Angles plainly © 
proves the third Proportion, viz. As Sine Complement 7 
of Middle Latitude to the Sine of the Courſe, ſo is the Mee 
Diſtance to the Difference of Longitude: Or "(which i i: 
the ſame) As Sine Complement of Middle Latitude to th L 
Diſtance, ſo is the Sine. of the Courſe to the Difference 
of Longitude, L mall. inſtance in the firſt Caſe Ws 
mentioned where one Latitude, Courſe and Diſtance ii * 
to find the other Latitude, Departure and Dif 
rence of Longitude. +. Wo! 
A Ship in Latit. 50 d om fails N. E. by N. 59 Y 
Miles; I demand-as above. = 


With the Courſe 34 45 m * Diſtance 987 Ia | | 
down the 0 Triangle ABC, as in Flain Sailing ® 
*. . Caſe I. and having found the Difference d 
Latitude, and Ls noon Middle Latitude 
Which i in this Queſtion is 56d 5 1; therefore draw the Lin par 
CD to make an Angle of 56 d 51 with the Line CBS 
draw the faid 3 C till it cut the Line AB conrinue i 
then is CD 1003 the Difference of - Longitude requitei 
* Becauſe if the Angle BCD be the Middle Latitude, th a 
Angle B LC muſt needs be the Complement of — 0 
Latitude, becauſe DBC is a Right-Angle: And the Sid 
BC being the Departure, is common to both Triangle 
therefore as in the Triangle AB Citis the Radius A 39 . 
| to Diſtance 4 ſo is Sine of the Courſe B AC to Depai 
+: 6g C;and then it muſt needs be alſs, As Sine of Bx 
the C mplement of Middle Latitude, to its oppoſite Sill 
BC the Departure, 'ſois e of 30 "BE. the Difference : 
-Langirade "6 | 2571999 "Her i 
ere 


Wen 


OY 


4 


ed. 9. Middle Latitude Sailing Geometrical. 33 
eUereby is alſo projected by conſequence a Demonſtra- 
ion of that Proportion, As Sine Complement of Middle 
e Watitude to the Diſtance, ſo Sine of the Courſe to the 
f Difference. of Longitude : Or, as it is expreſs'd in the 
2 zeginning of Middle Latitude Sailing Trigonometrical, As 
ine Complement of Middle Latitude to the Sine of the 
»MTourſe, fo is the Diſtance to the Difference of Longitude. 
Mor by theſe two right-angled Triangles, with one Perpen- 
Nicular common to both, is conſtitured the oblique Tri- 
Wegle ACD, in which the Angle DACis the Courſe, and 
"Ms oppolite Side DC is the Difference of Longitude, and 
ee Angle A DCis Complement of Middle Latitude, and 
oppoſite Side A C is the Diſtance; and hence ir muſt 


ne eeds follow by the known Proportion of Sides to their 
u ppoſite Angles, and the contrary, that as Sine of ADC 
he A, ſo Sine of DAC to DC: Therefore, As Sine Com- 
ice ement of Middle Latitude to the Diſtance, ſo Sine of 
re Courſe to Difference of Longitude. ee 


8 richmetical Calculation thereof, and therefore the moſt 
i 4 eful, I ſhall add one or two more, although there are 
ovoſt infinite Methods for doing it; as one Way that 
la commonly uſed is by Semicircle, a Way very much in 
„ice, in which I ſhall inſtance in the foregoing Caſe. 
(Ship ſails from Lat. 50 4 o m North, and ſails N. W. by 
287 Miles; I demand the Latitude come to, with De- 
an ture and Diff. of Longitude. ” 
with the Chord of 60, and one Foot in Hdraw the 
zel nicircle AME, and at one End thereof, as 
rei A, make an Angle of 33d 45m, the Courſe Fig. 46. 
ch ren, and lay down the Triangle ABC, with 5 
la e Courſe and Diſtance, as in Plain Sailing; and having 
dich und the middle Latitude, which in this Queſtion is 
d 51 m, ſet off the Chord thereof both Ways, from 
to [and X, and draw IK to cur HM in L; then ſer 
pale Diſtance LM from A to D, and from B to E, and 
Dntinue the Line MH till it cut the Line AC, as in N; 
Sich en from E erect the Perpendicular EG, and from D 
ce rough N draw DG to cut EG in G; then is EG the 


ference of Longitude, B C the Departure, AC the 
len 7 Yo Di- 


„ „ 9 * — - 
* . | 1 1 — 


34 Middle Latitude Sailing Geometrical. Ch. 1. 
Diſtance, A B the Difference of Latitude, and the Angle 
CAB the Courſe. 1 


Another Pr oje fon of t he ſame Queſt 70 S 


Wich the given Courſe and Diſtance lay down the 
Triangle ABC, as in Plain Sailing, Caſe I. ⁵ 
Fig. 47. and having found the middle Latitude, as be- 
tore, ſet off the Sine of the Complement of mid- 
dlle Latitude upon the Line A B, from Ato D, and ſweep 
- the Arch DE; then with the Departure BC in your 
Compaſies, and one Foot in D, extend the other along 
the Arch DE to E, and draw the Line DE equal to BC, 
and through E draw A E continued; and then with the 
Sine of go, and one Foot in A, draw the Arch. C H. till 
it cut the Line A E continued in H, and draw the Line 
GH, which meaſured on the ſame. equal Parts from which, 
the reſt were projected, gives the Longitude required. 
\- Theſe four Methods are ſufficient to entertain the Rea- RR 
der with Variety; aud I ſuppoſe it altogether needleſs to 
inſtance in any. more Caſes; it being very eaſy, from 
what is given in any other Caſe, whether both Latitudes 
and Courſe, or both Laritudes and Difference of Longi- 
FF tude, &c. io make the ſame Projection, as a little Practice 
will make evident. e e : 
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Plain Trigenometr .. 


N the ſolution of all plain Triangles, whether right- 
ib angled or oblique, there are always three things given 
eo find a fourth, ſuppoſing the Radius in right-angled 
riangles to be always given or known; which three gi- 
een Terms are always the firſt in the Proportion, and the 
eaeequired Term is always the fourth or laſt; and they are 
= ways to be placed in ſuch an Order, that the Proportion 
my be, as the firſt Term to the ſecond, ſo the third to 
Ihe fourth: And before the admirable Invention of Lo- 
I rrithms, the Method was, as in other Caſes in the Rule 
f Three, to multiply the two laſt numbers by each other, 
a divide the Product by the firſt Number, and the 
Nouotient was the Anſwer to the Queſtion ; but by the 
eelp of Logarithms the Work is much facilitated: For 
= 3 down the Numbers in their proper Order, and 

beir Logarithms againſt them, as you fee in the follow- 
ing Examples in Plain Sailing, you have no more to do, 
ut add the two laft Logarithms of the three that are 
oven, and from their Sum ſabtra& the firſt, the Remain- 
cr is the Logarithm of the fourth Number re- 
auired. And again, obſerve in any three given Terms, 
—_ cr the Radius is the firſt Term, you need but 
ad the two laſt together and from the Sum abate 
towards the Left Hand, and the Remainder is the Loga- 
rithm of the fourth Number required. But if Radius be 
the ſecond or third Term, place 1 on the Left Hand Foy 
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36 Plain Trigonometry by Logarithms. Ch. 2. 
the ſaid third or ſecond Terp, not Radius, and from that 
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Terms be min, as it frequently happens in oblique 
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Arithmetical, which is done thus: Begin at the Left 

Hand, and ſubtrad each Number from 9, and ſet down 
the Remainder, till you come at the Figure next the 
Right Hand, which ſubtraQ from 10, and ſet down the 
Remainder as before. This Number thus found is called WE 
the Complement Arithmetical of the Logarithm from 
whence it was taken, and is to be ſet down againſt the 
firſt Term, inſtead of the Logarithm it ſelf, and the 
Logarithms of the ſecond and third Terms in their pro- 
per Order under it; which being done, add up all the 
three Sams together, and from their Sum ſubtract the . * 
dius or 10 towards the Left Hand, the Remainder is the 
Logarithm of the fourth Term ſought. HY 


Plain Trigonometry right-angled. 


CASE I. Hyptenuſe and one acute Angl given (conſe: ll 
s ; . 8 _ 
quently both) to find a Leg. See Plain Trigonometry Ges. 


' metrical, Caſe I. .. 
Given Hypotenuſe —— 550 2 Required AB and 1 | ; 
| Given 3 The Angle at A 35dowS BC. 8 - : 


1. Making the Hypotenuſe Radius, the Leg BC is the 
Sine of the Angle at A, and the Leg AB is the Sine Com- 
plement of the ſaid Angle, by the Explanation of Axiom ee 
the firſt; therefore the Proportion is, As the Radius to WW 
the Hypotenuſe, ſo the Sine Complement of the Angle f 
at A, to the Leg AB. | | 1 

Again, As the Radius. to the Hypotenuſe, ſo the Sine 
of the Angle at A to the Leg B C. Mos = 

2. Making the Baſe Radius, the Perpendicular BC is 
the Tangent of the Angle at the Baſe, and the Hypote- WR, 
nuſe the Secant of the ſaid Angle. By Explanation of . 
Axiom the firſt, therefore the Proportion is, As the Se 
1" 8d : ß 4.” 3 oa 


2 # 6 4 


== <tr. Plain Trigonometryby Logarithms. 37 
ant of the Angle at A to the Hypotenuſe, ſo is the Ra- 
aius to the Leg AB. _ X 1611 ne 
Again, As the Secant of the Angle at A to the Hypo- 
eenufe, ſo is the Tangent of the ſaid Angle at A to 
he Leg Bc. e 
3 | Note, Making the Per dendicular Radius, is the ſame 
s making the Baſe Radius, the Hypotenuſe ſtill con- 
inuing to be a Secant. © | I 
In this Part I have purpoſely omitted the Operations 
y Logarithms, they being inſerted at large in Flain and 
Nlercator s Sailing, which 1s the Application of Hain Tri- 
onometry to Navigation; but the Things given and re- 
quired are the ſame in both: For whereas in Caſe I. of 
> lein Trigonometry right-angled, there is given the Angles 
ad Hypotepuſe to find a Leg, ſo in Hain Sailing, Caſe EL 
ere is given the Courſe (which is the Angle at the Baſe) 
nd conſequently its Complement (the other acute An- 
le) and the Diſtance (which is the Hypotenuſe) to find 
Either Leg or both (which are Difference of Latitude and 
Departure) and the Rules for Calculation are the ſame. 


ASE II. Given the Angle at A, and a Leg A = 10 
ad the Hypotenuſe, See Plain Triganometry Geometrical, 


. Making the Hypotenuſe Radius, the given Leg will 
the Sine RR oooh of the Angle at A by the Expla- 
tion of Axiom the firſt ; therefore, As Sine Comple- 
Went of the Angle at Ato the Baſe, ſo is Radius to the 
ypotenuſe. 8 85 
2. Making the Baſe Radius, the Hypotenuſe is Secant 
the Angle at A; therefore, As Radius to the Baſe, ſo 
cant of the Angle at A to the Hypotenuſe, «+ * : 


J 1 
ge EASE III. Given the Angles and 4 Leg, to find the 
= other 18 Given the Leg AB, as before; required the 


os 


Leg B | 
| Note, Each Caſe here always refers to the ſame Caſe 
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* 3 
+ +. 
2 
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nd oblique. 
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386 5 — Logarithms. Chi. 2. Y 
1. Making the Hypotenuſe Radius, the given Leg is) RY . 
Sine Complement of the Angle at: A, and the required 23 1 
TS BC is the Sine of the ſame An ole; therefore AY © * 
Sine Complement of the angle at 4 5 the Leg AB, fo 1 
Sins of the Angle at A to the Leg BC. 1 | 
2. Making the Baſe Radius, he Leg BC is the Tar Co ] 
of the Angle at A; therefore, As Radius to ei 
45 . ſo Tangent of the Angle at A to the Leg ACM 
th theſe Caſes, the ſecond and third, are con. 

rain — In Cafe II. of Plain Sailing, where the An. Y 
__ ies and a Leg (viz. Courſe and Difference of Latitude) = 
are given to find the the Diſtance (which is the Hypote - 1 
nuſe)by Caſe the ſecond, and the other Leg (which is the 
Departure) by Cafe the third. They are alle both dompre. 
Aended under the third Caſe of Plain Sarlm . = 
ing alſo the. igles and a Leg given, viz. Courſe and 
Departure, to d Distance and Difference of Latitude. 0 


0 ASE. IV. Given the tho oremiſe and a Leg, to find a 


* 
* 
= 


Angle. Given Hypotenu ſe AC and Leg AB l BAC. 
. Making che Hypotenuſe Radius, the Leg 4B wil 


1 


the Sine Complement of the required Angle; there. 

ore, As Hypotenuſe to Radius, ſo Leg A B to Sine 1 1 
Complement of the Angle at A. = 
2. Making the Baſe Radius, the Hypotenuſe i is the de 
cant of the Angle at A; theres ore, As the Baſe A] Y ' 
to Radius, fo the Hypotenuſe 4C to the Secant of the 
Angle at A. | 


vis ASE V. ' Groen the H. renuſe aut % page 10 find 1 4 . 
orber Leg. Given AC and AB, W BC. 9 


1. Making the H potenuſe Radius, the required Leg * 
BC is the Sine oft he Angle at A; therefore 2 I 
found the Angle at A by Caſe the fourth, the-Proporrion 4 
is, As Radius to the Hypotenuſe, ſo the Sine of e A 1 ; 
ole at A to the Leg BC required. Þ 

2. Making the Baſe Radius, the required Leg BC is cell 
Tangent ot the Angle at A ; therefore havin 
found the Angle at A, as before, the Proportion i, 
As Radius to the Baſe, fo Tangent of the * ar A vi 
the Leg BC * ä full 


* 


= * 
2: ed. 1. Plain Trigonometry by Legarithms. 
\ E Theſe two Caſes are jointly comprehended in the fourth 
Ind fifth Caſes. of Plain Sailing, in each of wv hich there 
A; s given the Hypotenuſe and a Leg, to find the other Leg 
Tio alin... ĩð·w» T 
Vote, It is moſt uſual, in moſt Caſes in Plain Sailing, 
in. o work after the Method here delivered, making the 
che Hy potenuſe Radius, becauſe that way of ſtating brings it 
1 ander that known Proportion of oppoſite Sides to oppo- 
on. ite Angles. 


2 
2 
1 
4 


: , CASE VI. The Legs given, 10 find the Angles. Given 
_ AB 2d BC, required BAC. | | 


8 Note, When a Side is required, any Side may be made 
ZKadius ; but to find an Angle a given Side muſt be made 
Radius; and here being obliged to find an Angle before 
e can find the Hypotenufe, we ſhall make the Leg AB 
M3dius, and then BC is the Tangent of the Angle at A. 
RT herefore as AB to Radius, ſo BC to the Tangent of 
be Angle at A required. | . 


ASE VII. Given the Legt, 1e find the Hypotenuſe. 
Given AB and BC, 10 find AC. | 


Fo, Find the Angle at A as before, and then, | 
1. Making the Hypotenuſe Radius, the (Baſe AB is 
e Sine Complement, and the Perpendicular BC is the 
ne of the Angle at A; therefore, As Sine Complement 
rte Angle at A to the Baſe AB, ſo is Radius to the 
ypotenuſe AC required. Or, As Sine of the Angle at 
to the Leg B Gy ſo Radius to the Hypotenuſe required; 
2. Making Baſe Radius, and having found the Angle 
tr, it is, As Radius to the Baſe, ſo the Secant of the 
2c at A to the Hypotenuſe. | 8 | 
heſe two Caſes are both contained under the ſixth 
aſe of Plain Sailing; and if you carefully obſerve the 
pls laid down in the Beginning of Plain Sailing Geo- 
ectrical, about the Application of Plain Triangles to 
he Queſtions in Navigation, the Connection between them 
ill appear fo plain, and the Directions given in one 
„vill be ſo. plain and pertinent in the other, that there 
9 9D 4 needs 


—— 


% 


40 Oblique Trigonomety 'Y by Logari thms; Ch. 2. | A - 


18 
needs no more to be ſaid to inſtruct the Reader as to the N aA 
* of een plain Triangles, 9 


n a W II. ; b 
Te Oblique P lain Triangles; oh 3 


4 


1 Shall be a little more ke in this Section of ob; 1 
lique Triangles, becauſe we have them not anſwer d 


numerically elſewhere in this Book, except. in ſome 
Queſtions at the latter End. - 


-0Þ ASE I. Two Angles and à Side oppoſite to one of ben bo 
gt ven, to find the Side oppoſite to the other, = 


< The fp 2 — 7 — is 
end The Side —BC— 3 5 3 y 


By Axiom the Second. 
— — 30 d om Co. Ar. 0.30103 % 

To Side oppoſite BC — — 6239 
So Sine of B5— —45 do— — 9.8498 ä 


——ů—ů——ůů 


Io dide oppoſite A C required 410. —— 2.01290, 1 
| | Note, Here being no Radius in this Proportion, I have 9 
taken the Complement Arithmetical of the firſt Loga- ne 
rithm, and added all the three Sums together, omitting nl 
one tothe Left Hand, accotding to the Directions in che 


Beginning hereof. 


8 Wenn IE Bp 3s 
8 * RE 15 wt 3} ES SCE We) 2 7 3 
3 80 » . ** 
8 EVE: . 
b g - - * . a 1 8 . . ww Bt 2425 w_ 
wo OE 7 * * . * * 


Z b o sb 


— 


Set. 2. | Oblique pee by Logarithms 4¹ 


II. Tuo Sides and an Angle oppoſite to one of them 
CASE given, to find the Side oppoſe to — _ 55 


4 | (The. Side AB — 1 
Cuven O The Side AC —410 25 che Angle 
3 „(be Angle B 354 Om 85 


* n the Sand. 


As Side 40 — — Co. Ar. 7.38722 
= To Sine of the Fury Je oppoſite _ 8 09834048 
d So Side 4 2.74818 
10 Sine of the Angle oppoſite +. _=—_ 5 9 58488 


1 Note, This Anſwer. is ambiguous, and therefore it is 
em U F firſt to know. whether the Angle ſought be acute 
r obtuſe, which if acute, it is 74 d 58 , but if obtuſe, it 
8 found by ſubtractin 74d 58 m from 180, the Remain- 
1 fer 105 d 2 is the 5 — e Angle required. 


.. 


ASE III. Given 1000 Sides, and an 11 tte to 
one of them, to Ns the third Side. " 


* The Side AB ——560 
A % | Give Wy Side A C.—— oRequired 0 the Side 
YN 3 > The Angle at B 45 d © d AC 


| Find the Angle at 85 as in Caſe II. which] if gps 
1 cute, is 74 d 58 m; then the two Angles B and C 

Y ven, the third is found by Subtraction to be 60d 42 
gi Þ Then 'by Axiom the ſecond, 


| As Sine of B. G — 22 2 
To. Side oppoſite AC n Pu —— 267275 


So Sine of 4. — 602 — 9.93767 
To Side Oppoſite ——- coo * — 2.70097 


* But if the Angle at Chad "OZ ſuppoſed obtuſe, wiz. 
E 4 10 l. 2 , the Angle at A would have been 29 d * 
4 ö an then the Operation is, 


2 — 


oy 


his Oblique Trigonometry by nn. Ch. Y 


———— 3 o C As; 0.15052 i 1 þ | 
To Side op re A C — 410 — 256 1 
So Sine of A y 29 58 —— 9.69853 


. To Side oppoſite + 290.2466183 4 


CASE IV. Gives! evo „ Sid des „ 4 ben Angle, to 4 1 
find either of the other Angle I 9 


— 


* 


Given: The Side 8 ws. CRequired Try E 1 
— Angle Hg 3 gies and c. 


5 5 << 55 4 da ys : 


As Sum of the given Sides 3 970 Co. . 5 701323 *J þ 

ang. of + Sum of Akne 1 

_ - $6 Tong. of + . 2 5 e 4 as | 
10 Tan. of 2 their Difference 29 59 —9. 76 126 1 


The Sum is the greater Angle Com 104 d 59 m. 
The Difference is the 22 Angle B 5 * 


CA 8 E 309 Two Sides and 4 contained Angle given, 10 1 93 
A find the third Side. 1 =: 


The side 4 Cong 10 + Wh! 4 

2 en The Side. A — Required che Side 50. 8 N 
© The Angle A.- 30 4 on FF 
Find the + canta? Caſe IV. its - 45 d 1%. Then | . x 


As Sine of B — — : Co. Ar. 0.15039 | 
To Side oppoſite 40 415 26398 | 
So Sine of 4 6— 90 O — 2772 


To — JT; — 255 — 1.4214 


F 
9 : L ET; +: R SR 
Nh Nel 
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\, 
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* 
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gy © A SE VI. Three Sides given, to find an Angle. 


The Side AC 4ro 4 
Given WS Side C B 290 2K Required the Angle at 
18 The Side A B 550 5 
Let fall a Perpendicular from C the greateſt Angle 
opon 4 B the greateſt Side, by Axiom the We * 
9 ol | 0. 

1 75 As the Baſe A 4 — 8 e 0 — 560 - -—7.25182 
Loo the Sum of the Sides 410 aps 

and CB 290 Fu —700 — 2:8450p 
So the Difference of the ſaid Sides——120 — 2.07918 
To the Difference of the Seg- 2 

ments ot the Baſe A D n bee 190 _ 


4 The half Difference 75 added to half the Baſe 280, 
in 4 the Sum 355 is the Baſe AE. 
| ; ng half 5 

the Diff. 205 is the Baſe ER. 


AC aro. to find the An le . 
1355 4 2 8 "a 


| To Sine Comp. of the Angle at 4 0 1===397744 
Alfter the ſame manner you may find the Angle E. 


% $4 9199-1 Bs * . ' * ; 


— ” 
8 
n 3. 8 


Sz c . III. 
Parallel Sailing Tri gonanetricel - 


A chen the Merhod here propoſed be new and ſhort 
without the Trouble of Logarithms, Sines, Tan- 
| gents and Secants; yet 1 ſhall by the way ſet down an 

4 * 


Difference 75 ſubtracted from half che Baſe 
280 0 

ben in the right-angled Triangle 4 E Ci is given AE 
As 4 — — — 5 18 2.61278 


To Radius — — —— — 90 O cc . 
So 42 — 7 2 


partly for the help of thoſe, who either through Negli- 
„gende, or want of Opportunity to practiſe, have forgot 
at Sea what they have learn'd at School ; but chiefly th | 
in all the Examples wrought by the new. Way, 1 may 6 
refer to thoſe wrought by the old Way; that ſo the Rea- il 
der ſeeing the exact Harmony and Concord which is be. 
tween them, may (to his great Satisfaction) be convinced 9 
of the Verity and Infallibility of this new Method, equal 
ta the beſt for Truth and Certainty, and ſuperior to all © 

for'Expedition and Readineſs, n _ 


3 
* , 


CASE I. Corſe and Difencegiven, to fd Difference i 


_ A Ship fails N. W. by N. 123 Miles; I demand Diffe-: 
rence of Latitude and Departure. _ 


l 
S © 4 „„ 3 


Fi for the Difference of Letitude: 
| mM 


- — me - of 


To the Diſtance failed ——— _123— 2089 


%Y 


Example or two in every Cafe, both in Plain Sailing and : 
Mercator, acording to the old and common Method, 


As Radius —9 00 Co. Ar. I0.00000 
© To Diftance failed — 12 —— 
Fo Fine of the Courſe — © — 33 45 
Example 2. A chip ſails South 25 Degrees Eaſterl | 3 1 
96 Miles; I demand Difference of * ry and Divas: 23 

PAaIture. „ : | ; 


Plain Sailing Triganometrical. Chap. 2 * 


. 
. A 4 
"Rr 
ww £ * 4 
* We 
8 5 : 


" 
14 
2 


_w_— 
Ky 


b 4 * 
at 
1 

-” c [258 4 


I 428 BY Plain Sailing, 


+ 3-3 


% Latitude and Departure. 


. . ye I * 


t 


1 


x Dc. 7 8 . 2 
© - ' Pe 5 Re | 
2.08990 
* 1 
- x 2 
1 : 


| _ 
9. . 4 2 _—- 
_ 
1.83404 
"= 


* * 
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6 


For Difference of A 

As Wan — —8 — 
To Diſtance ſailed — —= — pan) 1.98227 
So Sine . of Courſe — Bed CC 9.95728 


For the Depariare. 3 Jy f. 15 
Y As Radius = — — — 90 I; <p — 955 
10 Diſtance failed — — gz —— 1.98227 
o pepe — — — 4% —. 8322 
: * jASE II. Cour ſe po Diff. of . given, 70 ef 


6.» 
So Sine of the Conte == — —25 00 —— 1 95 
Diftance and Departure. 


A Ship fails s. W. by J till her Diff. of Latitude be 
74 Miles; I demand her Diſtance and W 


A 
- 


33 For” the - 85 1 


x | d m | 

As Sine Comp. of Courſten 56 15 — 991985 
To Diff. of Latitude —T 174 — 2.24055 
o Radius — — 90 0 ——19.0090 


75 W To the Diſtance — — — - 209 — 2.32070 


4 


. . 


For the Departure. 3 
14 d m 'Co, dr: 
As Sine Comp. of Courſe 56 15———28015 
1I0o Diff. of Latitude — 174 2.24055 
5o Sine of Courſe — 2 l 


10 Departure — —— — 11—— 286544 


Example 2 2. A Ship ile North 38 Degrees Weſterly, 
Will ſhe raiſe the Pole 2 Degrees; I demand how far ſhe. 


1 ath ſaild, and how much the is departed from her firſt 
leridian. 


. The 2 Degrees of dect reduced into Miles, is 120 
* Miles. Then for the Diſtance. 


f | As 


64h 


46 Plain Sailing Trigonometrical. Ch, 2. i 
e d m N 
As Sine Comp. of Courſe — 38 00 — —— 9.89653 
To Diff. of Latitude — ——120 5.0701 E | 

| To the Diſtance —— — — 52 2. 18255 


SW 


| Ch. 4r, 
As Sine Comp. of Courſe — 52 00 — 0.10347 
To Diff. of Latitude ——— 120 —— 2.0791 
3 
— 


q 8 


8 W's 

2 % : 
n Der 
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r 078034 7 
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CAS E III. Courſe and Departure give * ud Diflanc 9 

4 | and Diff ETENCE of Lali 4 ay f if | 21k b 
A Ship fails S. E. by S. till her Departure be 103 Miles A 

= I demand her Diſtance and Difference of ee 2 


5 — * 3 
en —_— EIS 74 ape _ 2 — 
5 — — a 


oy ang 
TEES 


Gy} 
AS: 


\ \ by —— = | \ — — —• 
X N —— I | —— BOY Prog age. en ap - e DOES „. 
p - * S 4 
” x 8 ; 
, A i | 


5 


4M | For the Diſtance. 3 
As Sine of the Courſe — 233 45 — 9.7447 
To Depar ture — — — 103 — — 2.0128 1 1 
So Radius — — 90 00 —— 10.0000 
To the Diſtance == —— —— 18; —— 2.20810 


For the Difference of Latitude,  - MX 

f d m Co. 47. 
| To Dif of Latitud « — = 
S . — 154* — 2.187948 


Example 2. 6 Ship fails North 19 Des. 41 Min 
Eaflecly which is N N F. Northerly, all her Depar 


ture be 72 Miles; her Diſtance and Difference of Latitude, 
in required. . On 


7 

2 Ba 

% * 4 
25 =? 


Fri 


= + 


La. P "Plain Sailieg Thigomanatricnds: i 03 


* 


5 " For the. De. 

5 4 d m 
00 As Sine of the Courſe — — 19 41 ——— 9.52739 
5 To Departure & a * _ 72— 7] 5733 | 


So Radius: mann ð . 99 00 — 10:90000 
To the Diſtance — — 214 2.32994 


For the Difference 5 Li 


m Co. Ar. 
. Sine of che Courſe 41 — 1 
Lo parture 73. 711 Sans 
1 So Sine Comp. of Courſe 70: 19 — 9.97385 


0 Difference of Latitule 201 2.3037 


2c 
* As E IV. Diftance and Difference of Latitude given, to 
es; c find Courſe and Departure, 


Ship ſails between the North and Eaſt 110 Miles, 
1 — finds by Obſervation that ſhe hath raiſed the 
Ne one Degree; I demand the Courſe and Departure. 
The Difference of . * to Miles or mung 


9 an A 
2008 21 $713 2 
10 Then WH or the Corſe. 


WD the Diſtance *'— ——10 — 2.041 39 
o Radius — god oo — 10.00000 
22> Difference of Latitude — 60, ——— 1.7 77815 
s Sine Comp, of Courſe 55 57 — — 9.73579 

f 1 P.. is N. E. by E. neareſt, or N. E. by E. 42 min. 
erly. 


vil 2 


my * F For the Departure. x -# 
ar- 3 1 . 
wy As Radius — —— — 90 oo T9.00000 


8 To the Dillance — — — 110 ————— S490 
EF So Sine of Courſe — — 56 57 — 0.02224. 


[To Departure — — — 92 — — 1. 90473 5 


Ex- 


the Place ſhe ſail'd from 1 - les, her Courſe and der. Y 


K * a 
EY 


—_ 
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Example the Second. N 


ip ſails between the North and Eaſt, till her ik. 
2 0 Fladtude be 103 Miles, and then is diſtant from 4 


N | 5 3 


ture is requir d. 


a For the Coorſe. WR. 


As the Dittince — — uf, 39608 
Io Radius — — god oo — — 10. oo000ͤ0 il 
So Difference of Latitude — 103 — — 2.01284 
Io Sine Comp. of Courſe 28 Ig — — 9.94466 'Y 


| 1 1 Þ tr 
For the Departure. . 3 is 


88 — 90 o — 10. 00000 
Jo the Diftance. — — — 17 — 2.06818 
©. So Sine of the Courſe— 28 19 — 9.52609 
To, Departure, — — — 554 — 1-74427 


Fiule'Courſe is N. N. E. antes more then half x 
Point Eaſterly, and the Departure 55 Miles 7. 


95 ASE V. Viſtance and Departure given, to find a 
I e Laid. n 


A Ship fails between the South and Weſt Sh br Miles, fer _— 
Lande, 95 Miles; I demand the 9 Diff of 
titude. - © - . = 


For the Corſe. 


80 dene — — — 95 — 1. — 8 


we ls % 
* 
1 


— 


J B 4 Plato Sailing — 49 
For D HFerence oo Latitude. 


n 
= To the ; T5 — — —— 4 124 N 2 42 


* So Sine Comp, Courſe ——. 40 00 — 980806 
i To Difference of Latitu: 0196748 
$ The Courſe is S. W. 1 Point Weſterly, or 4 Points 

3 Pet, The Difference of Latitude 80 Miles. 

1 | : Example the Second. 

. | | 4 Ship ails North Eaſterly 100 Miles, till her Depar: 


ure be 38 Miles, her Courſe and Difference of Latitude 
is required. 


For the Courſe. 


As the Diſtance -=—— — 100 — 2.00000 
To Radius —'= god oo 10.00 
So the Departure. — — 38 — 1.32228 
To Sine of the Courſe— 22 29 — 557978 


For the Ne 0 ho Latitude. 


$- = —wq "Simon — — 100 — 2000000 ; 
50 Sine Comp. Courſe 67 49 9.96613 
To Difference of Latitude — 022 — 195573 


The Courſe N. N. ny fere ; and Difference of Lan- 
+} | tude 922 SO 


C0 A SE vl. Difference of La 8 8 given, 
Rh. find Cour fe and Diſtance. 


A Ship ſails between the North and Weſt, till her 
Difference of Latitüde be 220 Min. and Departure 108 
Min. or Miles; I demand S_ and Diſtance. I 

or 


A. << 2 


50 Plain Sailing Trigonometrical. Chap. 2. 
For the Courſe; TM 
As Difference of Latitude — 225 2.34242 2 
To Radius ——— —— god o — 10.000 


To Tangent of the Courſe — 26 9g === 9.59150 
Fe the Diſtance. I 
As Sine of the Courſe — 26d gm =—= 9.64416 
To Departure —— —— — 108 — 2.03342 


So Radius —— —— — 90 © — 10.00000 il 


| The Courſe N. N. W. ſomewhat more than +4 Weſt: 
erly, the Diſtance 245 Miles, 


Example the Second, 


A Ship fails between the South and Weſt, until her 
Difference of Latitude be 309 Min. and Departure 206 
Min. I demand the Courſe and Diſtance. i 


For the Courſe. 


As Diff. of Latitude — 309 — 2.48995 
To Radiuss—x — 90d oo — 10.00000 
So Departure —— — 206 — 2.31386 
Io Tangent of the Courſe — 33 41 — 9.82391 


Fur the Diftance. | a 
| As Sine of the Courſe 4415— 9.74398 1 
— p30g1mm— preg 


-  -4- 4- &- K- #0 EZ TOME” ee ye eee . 


+ #-23- 


; 
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7 The Courſe S. W. by S. fere, the Diſtance 371 Miles. 


Thus I have ſet down two Examples in every Caſe 
of Plain. Sailing, according to the old and common 
= Way of working by Logarithms, Sines, and Tangents, 
== havin — . in the three firſt Caſes where the 
=& Courſe is given, to ſet one Queſtion with the Courſe 
given in Points of the Compaſs, as N. N. W. Cc. and 
another with the Courſe given in Degrees, as South 
25 Degrees Eaſterly, Cc. intending in the Sequel 
hereof, to proceed to ſhew the Reader how to anſwer 
all the ſame Queſtions, (where the Courſe is either gi- 
ven or requir'd, in Points, Half- points, or Quarter- 
points of the Compaſs) without any Canon,' Scale or 
. Cordpaſſes, only by two Tables, each of which (or 
both if need required) might be contain'd in'one Page 
We hereof, which Tables you have at the inning of 
the ſecond Part of this Book, by which Tables only 
ou may work all the Cafes in Plain Sailing; and keep. 
2 Journal by that Way, without a Traverſe Table, or 
the voluminous Tables of Logarithms, Sines, Tangents,; / 
Wc. which fill up the far greater Part of ſome of our: 
= Epitomies of Navigation now in Print: You may 
WT alſo by the ſame, and a Table of meridional Parts, 
= work all the Caſes in Mercator, and keep à Reckoning 
WE throughout the World; and not only fo, but that the 


wn * OW WW 2 __C 


3 Work may juſtly deſerve the Title of a new Method, 
% 1 fhall add ſome Rules teaching how to work any 
— WE Queſtion in plain Trigonometry, or Navigation, only 
oy the Pen or a Piece of Chalk, without any Cieo- 


WEmetrical Projection by Scale and Compaſſes ; or Arith- 
gnetical Calculation by Sines and Tangents; ſo that 
fat Sea you have loſt all Books and Inftrumeats, or 
if a-ſhore you be in Company where you have no Books 
nor Inſtruments preſent, you ſhall work any Queſtion 
gas eaſily as a Queſtion in Common Arichmetick; a Thin 
never yet known, nor publiſh'd by any: Bur I ſhall 
ow proceed to propoſe an Example, or two; in the 


ns ſeveral Caſes of, 


8 ©. 


K 3 os 


—_ -— 


ages 7 20h 
. ie 9505 t r 123 7 fr e 1 
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7 
— 11 


$21 = Þ „ — MN "a 
* bs. 


E ASE L One Latitude Courſe and Diftzhce given, 1 
17 Bl. the other Latitude, and Difference of Longitude. 


TN this, and the other Cates, we ſhall have OI 
1 co make uſe of the meridional Difference of Lati - F 
tude, for the findin 55 of which, 2 If two. Paco I 
(hee meridional Difference of Latitud e you ſeek) be 
both in North Latitude, or both .in Seulh Latitude, 
ſubtmet the meridional Parts of the leſſer Latitude on 
the meridional Parts of the greater Latitude, the Re- 
mainder is the meridional Difference of Latitude; bull 4 | 
it one be in North Latitude, and the other in ol 
add .the. meridional Parts of both Latitudes together 
the Sum i the meridional Difference of Latitude; 135 che 1 | 
following: n will make it plain. ' 


A Ship in Latitude of 50d 00 m North, fails N. wi 
by N. 987 Miles; I demand the Latitude come to, al 


_ = REN of ON. | 


Fo proper Di; of Latitude —— 920 —— 2574 1 
The Difference of Longitude 820 min. divided by 9 I 2 
to bring ir into Degrees, is 13d 40 , which added u 
50 deg. (becauſe the Ship Matle towards the Pole, and io 
cxeaſes her Latitude) the Sum 63 d 40 m is the Latitude 3 | 
come to. Then to find the meridional Difference of Li 1 

ritude between Lat. 63 d 40 m and Lat 50d. - KB 


; 2 
* 
& 00 
Men 
- 2 eo 
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Meridional Parts for Lat. 63d 40m — 4994 
Meridional Parts for Lat. 50 0 ——. 3475 
Subtr. c one from tother, reſts Merid. Dit. Lat. 1 1519 


me * Difference of ler. an! 


5 


1 6 14 ” 1 

As 3 —— —— - — — —— kg 10. oooOo 
To Merid. Diff. Lat. 1522— 3.181 5 
So Tangent of the Courſe 33 45 — 38 


To Difference of ©, arcane — 38514 


The Latit. come to is 63d 40 1 and Diff Long, g. 101 2 


.. mich divided by 60 is 1651 555 Wen Longing 
| F Eu ea is Weſterly. - 125 8 


985 
A $ E n. Both Litirudes —— foes; is find the 
Diſtance and Difference of Corſe gen , at 


A Ship ſails. from St. bbs Head,) in Late gi d 29m 
N. and Hils away N. N. F. ſeveral Days, and ten finds 
her ſelf by Obſervation to be in Latitude 684 30 mw; I 


 * . 


demand how: far tie hath gs 5 and what! * 1 Able 
WF rence of Longitude. > 01969410 > 
eee een the ee, 30 — 5 12 


Meridional Parts fo 8. 25 4119 
— — of L ati. — 1593 


; Proper Pilſigrancs-of Tatitude—12 05 or 1 725 
= 2 * Then for the Ditence 7 ne 02 


_ -- [ —— d nm 
Y As Sine Corn Comic eee 30 — 5 * 61 
Jo- — — of  Latigude — 725 — 286533 


1 Weener 0 2 | 


—— - 


a 


3 -_ 


„ Mercator s $ all ing Trigonomutrilal.' Ch. 2 . | 
13 e N of Longitude: Y 


As Radius — 55 . 200000 - 

To Merid. Dif Fatitude —— 1593 — 3.20221 

So Tangent of the Courſe — 22.30 —— 9.617228 

To Diff. of E — 660 3 - 28194 A 
Ihe Diſtance i is 785 Miles, or 264 Db ah and 
0 the Difference of 7951 itude is 660 Min. or 11 an 1 
Eaſt from St. Abb's Head, which added to 14d 12 the 
Longitude of St. Abb's "Head, (accounting from Pic 
Teneriff) the Sum 27d 12 is the Longitude the Shin 


is 1n,:which being found, find in a Mercator's Chart thin 


Longitude ſo found, and the Latitude by Obſervation 
684d 30m, and that 1 is the Point in the Chart that vou 
Ship is in: If you reckon your Longitude from Londa 
as is nom commaniy done, the Rule 3 is the ſame, 


CASE HI. Oe Latitude, - Courſe, and Differente j 22 
e Siven, to fed the other Latitude and Diſtance. Wl 
A Sup in Wc fails N. N. W. zill ber Dit: 
rence of Longitude be — or 420 Min. 1 demay 3 

_ the other Latitude and Diſt . | 


* 5 For the other Lande! Sos 5 

As Tangent of the Courſe — — 30 — or 139 
To Difference of —.— — 420 — 2.62320 

So Radius k — 90 00 —— 10. 

| To Meridional Diff. Lat — young — 3006 : 


» J 


85 Vierid- Parts anſwering to Lat. god 00m — 3475 4 
To which add Meridional Diff. of Lat. —— — To. 3 
wh The Sum — — — — 4, 3 4 


Which found in the Table of Meridional Parts, ay 
CO ers to 59 4 40m the Latitude come to. 


— — 


Tu 
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Then for the Diſtance. 
; 1 


e the Da — 
W The Latitude come into is 59d 40m the Diſtance 628 


ES,. 


ict 3» ASE IV. Both Latitudes and Di ance given, 10 find 
i the Courſe and Difference of Longitude. 


A Ship in Latitude 504 oom N. fails 3505 Miles, and 
du nen is found by Obſervation to be in Latitude 134 
2 N. I demand her Coprſe, and Difference of Longi- 
The proper Difference of Latitude is found by ſub- 
raging the leſſer Latitude from the greater, the Re- 
inder is the Difference of Latitude in Degrees and 
Minutes, which multiplied by 60, gives the Difference 


I * 


Latitude in Mil 
* titu e In ES. 
7 IE Mb — 5 , 
X th. (c to 2 * 3 — a 

5 | : ; 


aa. 
© Greater Latitude 60d 00m 36 48 
= Lefler Latitude — 13 12 60 | 
50% Meridional Parts for Lat. — 50 00 — 347 
Meridional Parts for Lat. — 13 12 k-ñ 4 
Meridional Difference of Latitude ĩð 2676 
Proper Difference of Latitude — — 2208 


A 7 * 
© N 
. 
5 — 
1+ 3888 WG-4 : 
G 
8 * 
8 . 
- 07 
: =. 8 — 
. © a . - 
7 
, 4 
*; 
RM , 
9 * 
5 


— — 
: 


2 Diftanee Ces ts 


! 


* 


* * N 1 1 . Tj « > . \.N Ch. "3 9 3 : 
- + | 
| | Bo 


For the ___ E- 

1 ** 1 

= 

"XY 

1 

2M 

4 7 s 
1 

1 

3 9 5 

0 

8 
1 


2. — 100000 


To fadius == 
So proper Diff. of Lat. 8 —— 


To Sine Com. Conrfe === 50" ᷣ 57 — 2 = 
For the nn of Lat Latitude. 


As Radius — — — 90 10,0000: 1 
Jo Meridiom! Diff. of Lat. 2658 3 3˙⁴4 49 

So Tang. of the Courſe 50 59 ——— root 3 
To Difference of Longirade 3198 — 3-583 |: 


2 the eh g Caſes Thaye pur poſely omitted ih 
for findins the Departure, it al yy, 

. in the Cafes of Plain Sailing and the * 
e it axe exactly the ſame 1 4 rg ACCOT 775 te 8 8 
2 is given. Nevertheleſs, in a the followin ng Cale 4 
1 except dhe 6th) the Departure is given, and therefor 
al make it one neceſſary Term in each of colin 
— : And when we come to the Practical art, vi I 
the Keeping of a Journal I ſhall lay down ſome ea 
and compendious Ways for reducing Departure to Dit 
rence of Longitude, both by Mercator and a LN 


1..% CA I-49 


„ ”z 


4 vw do. 


titude, without any Canon. 4 
Cc ASE v. Bott Latitules «nl Departure FI to ful 

.- . Courſe, Diftince, and Dif. of Longitude. =, 2 
'A Ship fails from Lat. 55 354 00m N. .nnd fails _ 4 | 
the North and-EaRt into 56 d 10 her Dep 4 | 1 
ture 50 Min. or Mites ; 1 dead the Courſe Wade cel ot 
Diſtance fail'd, and the Difference of Longitude, 0 
( 


mT 0% Mereator's Sali 2 2 cal. 57 
5 For ibe Courſe. 


fo pro per Diff. IE =" 70 = 1.84509 
— — "Ros 
1 && Tangent of the Courſe — 35 32 — 0853 
= For the Diflance 
n 

Sie of the Comſe —— 35 32 9.76 30 
Vol fo Depart — = = 0 == 387 

A ius — 90 80 10.00090 
"FT To the Diſtance —"— —— 8 eas. 


For Diftrence of Longitude. 


— 
. 


P * Nene 99 00 — 190.99000 
> tt BS To Meridional Diff. of Lat. — 124 —— 229342 
1: So Tang. of the Courſe — — - 35 32— 985388 

1 To » DIE; Longitude — — 89 fere — 55755 


Or, mich ith lane. $ II T 


1 Proper Diff. of Lat. — 70 Co. Ar. Sa 
; 9 aan ff. Lat, — 124 — 205342 
| * — — = CO — 1.69897 
ö To Difference of Longitude — 89 fei 
. Mn Pos : 
A 8E VL - Both, Katitailes and Difference of L- 
ue given, to find chu, Dune and Departure. 


| Suppoſe two Places, one i in Latitude 56 deg. 15 m. N. 
he other in Lat. 58 deg. 35 m. N. their Difference of 
Fe ces 2 deg. 30 m. 1 the Courſeand Diſtance | 
Pen the Sauthetmoſt to the 5 and allo the ; 

PATFUTE. 45 4.7 


— 3 "I. 9 n 
nr vt, WES i Fr 34h — 5 LY I PS” 
4 2 11 = 7 7 Le * * 
Pg a 5 n * 2 
T YN 
. 4 . 3 
"WEN 


ol Prope r © Dif. Lat. oy, 3 — 140 
| Meridional Diff. Lat. — — —2⁰⁰⁰ 1 
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jo For the Courſes LY 


_ a 
"I 00 
«£ * 

i 


As Merid. Diff. Lat, — —— 260 —— 2,4166, 
_ To Radius —— —— — god o — 10.9000 ll 
Fo Diff. Long, — —— — 150 — 2.1760, 


; To Tang. Courſe —— — 2g 33 — 5755 
For the Diſtance; 3 
. As Sine Com. Courſe = 29 53 — 9.9380, 


* 


To proper Diff. Lat. —— — 13.1461 
Fo ius — — 90 00 10,0000 an 


Ao the Diſtanſe 161 — 2288 
<a a 1 P : N ? - - 4 - a ——— 43 


1 For the Departure. 


As Sine Comp. Courſe ſc. 29 53 Co. Ar. 0.06196 4 
o proper Diff. Lat. 140 — 2.1462 

_ So Sine Courſe— — 29 53 — 9.69943 
Io Departure! w 80 — 1.00551 


5 


is 1 
Or, as Radius to proper Difference of Latitude, ſo 
Tangent of the Courſe to Departure. 1 
*C AS E VII. One Latitude, Courſe and Departure gi- 4 | 
ven, 10 find the other Latitude, Diffance and Differena Wil 
„ > 9 4 


— — 


y A Ship in Latitude 58 4 oo N. ils S. &. W. : Wet 
="; Diſtance fail'd,: and Difference of Longitude, 


It your Difference of Longitude be Eaſt, add it 
to, or if Weſt, ſuhtract it from, the Longitude ſail'd 
from, and the Sum or Remainder is the Longitude come 

io, if you begin to reckon your Longitude trom Pic Wi: 

ſion; 4 which is ſeldom done) but if you begin 

— itude at the Place ſail d from, (according to 
Uriners Compaſs rectified) you only reckon your Lon- ll 

gitude Faſt or Weſt, according- to the Denomination of 
37513 = 


your Departure, whether Eaſt or Weſt. robs 


a ef * Mercator Sailing — 5 9 


2 Fer the Differenc of . 5 7 


o Sine Comp. of Courſe —— 61 53 =— 9:94546 
mn To Diff of Latitude — — . "2.0 5034 


Difference of Latitude 112 Miles, or Minutes; or, 

| deg. 52 min. which ſubtracted from the Latitudei ſail d 
from, 58 deg. (becauſe the Courſe is ſoutherly) the Re- 
mn: ingen, 50 4 8m i is the Latitude come to. 


Typen FE the Diflance. 


d m 
12 dine of the Courſe : — 28 07 -- 9.67326 
- To: Departure ———. — — 60 — T. 15 
22 = 0 2m NN 


[© FO ance — — ee "OP 


* 


o 


For Na of 3 
As Radi —— 0.00009 
8 10S — — — 90 OO — 1 
To Meridional Diff. of Lat. —— 205 — 2.313 
Fo Tangent of the Courſe 28 07 —— 9-72780 
To Difference of Longitude —1 10 — 2 c 


34 2 
: — 
&' 
C, . 


n Difference * Langinele may be thus Fan 


As ojer Diff. Lat. — — Co. Ar. 
To Meridional Diff, Lat. —— 206 — 227755 


1 So Departure — — — 60 — 1.77815 
1 To Difference of Longitude —— I10 — | 204166 
p | 

f| 


CASE 


60 Mercator's Sailing — Ch.; 


C A SE VIII. . Oxe Latitude, Diſtance and pen! ; 
given, to find the other Latitude, Courſe, and Dif ; 
of Longitude. WE 


41 A Ship.in Lat, 8 deg. N. l the South ul 
"Weſt 96-29" pace then finds her ee to be 
Degree, or 60 Minutes; I demand as above: 


— A 
YH by 


ti 

: L 

$0.5 251i} + DO IIs 7 
N THe 


Is Diſtance — — — 127 — 2.103008 +» 
| To Radius — —— — 90 00 —— 10.0000 Y 

So Departure — — — 60 —— 1. = 
_ Sine of the Courſe — 28 1 ——— 9-674 


For the Difference of Latitude: | "> 


a As Sine of the Courfe — 28 * — 1 a 

"To Departure — — — 60 —— 1.778 * : 

So Sine Comp. of Courſe — 61 49 ———- 9245 
To Difference of Latitude — 112 ——— 2-045 


| For the Difference of Lin. j 1 
b As Rad — — — — — 10.0000 * 


To Merid. Diff. of Lat. — 206 —— 12.3: 
So Tang. ofthe Courfe=———23 11 — - 292 
Jo Difference of Longitude — 110 ——"2.0454 


The Difference of Latitude is 112 Minutes, or 1 Der 
$2 Minutes, which ſubtracted from the Latitude ail 
om, 58 Deg. the Remainder, 56 Deg. 8 min. is ti I 
" Latizude come to ; and the Difference 61 Longitude i bs 4 
110 Min. or 1 Deg. 50 Min. which is to be ſubtraail 1 ö 
from rhe Longitude fail from, if you are decr | I F 


* 
your Longitude, Ce. 


—_— 
4 
oa 1 
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i work Mercator s Sailing, without 4 Table of Meri. 
w | 3 . Eo 5 


The Table of Meridional Parts may be ſupplied by 
e Table of Artificial Tangents ; for ever) halt egree 
cee Tangents above 45 anſwers to one Degree of La- 
ade, (the Characteriſtick or Index of the 1185 
ing A ) and therefore to find the Meridions 
eagues for any Latitude, add half the given Latitude 
56, the Sum is a Degree, whoſe Tangent multiplied 
ten, and the Product divided by 376, the Quotient 
the Meridional Leagues belonging to thar Latitude, 
hich multiplied by 3, gives (nearly) the Meridional 
Warts found in the Table. | 
Vote, If you have a Table that hath 6 Figures, or 
ore, in the Tangents, beſides the Index, you may uſe 
1 12 6 Figures, and need not multiply them by 10, 
"EY OTC, | 
But becauſe this Way is not of Uſe, except when both 
Watitudes are given or found, to find the Difference of 
ongitude, tis beſt to find the Tangents anſwering to 
th Latitudes, and ſubtract the leſs from the greater, 
nd divide the Remainder by 376, which gives the Me- 
aional Difference of Lat. in Leagues, (which if you 
ileaſe you may reduce to Miles, by multiplying by 3) 
Fichout further Trouble. SER TS 
Example. 5 


be 5 f 2 f PLES * 66> ; Is ; . . | £5 2 x . N | 

= In the foregoing Queſtion in the eighth Caſe of Mer- 

© tor's — Trigonometrical, the two Latitudes are 
Found to be 58 d oz and 56d 8s s. | 


ot $84 0m is — 294 o * | 
= To which add — 4350 


4 The Sum is — —74' O whoſe Tang. is 250 
X Halfof 6d 8ovis ie 
The Sum is — 73 4 whoſe Tang. is 516471 
N Remains 26932 
376) 


1 
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276)26032(69 Metid. Diff. Lat. in Leagues — 69 
* 2 18 Which multiplied by —_ ” 
\. . +88 Gives Merid, Diff. Lat in Miles 209 _ 
, Nearly agreeing with that found by the Table. 


And altho this be not exactly the ſame with the Table, 
yet the Difference is ſcare diſcernible ;-and therefore it 

may be of great uſe where Tables of Meridional Parts 
are wanting. 


9 8 _—_— 


31 C r. V. 
| Parallel Sai ling Trigonometrical. 


8 OME rank the Caſes of Parallel Sailing amongſt the 
reſt of the Caſes of Mercator's Sailing; and indeed 
not without good Reaſon, ſeeing it is grounded upon 
the ſame Projection, and is really a Branch of tlie ſame. 
Nevertheleſs, ſeeing both Data and Queſts relate only 
to the Diſtance or Difference of Longitude, &c. of Ships 
or Places in the ſame Parallel or Latitude; I chuſe ra- 
ther to ſpeak of it in ſo many diſtin& Caſes under 
that Head, and ſhall (as before) ſet down an Example in 
every Caſe, and work it the common Way ( viz. by - 
rithms, Cc.) here, and ſhall hereafter proceed to work 
it alſo, as well as Plain and Mercator's, without any 
Canon, only by common Arithmetick. _ es 


CASE I. Two Ships (or Places) in one Parallel, their 
Latitude and Diſtance given, to find their Difference of 
Longitude. 15 Hh 


1 


Suppoſe two Ships in Latitude 50d oom, diſtant 56 
1 As 


Miles; I demand their Difference of Longitude, 


g 


l 


Nel axed - &.,, S we 0 — 


%. 


Sect. 5. Parallel Sailing Trigonometrical. : 63 


| | SM 3 
As Sine Comp. Latitude — 50 00 —— 9.80807 


To Radius 9 00 — 10.0000 U＋&l 
So Diſtance 76 — 138081 


To Difference of Longitude — — 257274 
The Difference of Longitude 118 , or 1d «2m. © ; 


CASE II. Two Places in one Parallel, their Latitude 
and Difference of Longitude given, to find their Difance. 


This is only the former Canon inverted, as in the 

following Example. 1 Xt 1 7 8 
The Latitude of two Ships (or Places) and their 

Difference of Longitude given, to find their Diſtance. 


Erample. Suppoſe two Places in the Latitude of 50 d 
om, their Difference of Longitude 118»; I demand 
their Diſtance. | | | 


The Difference of Longitude is 118 Min. 


d m | 
As Radius — 90 OO Io. oc 
To Sine Comp. Lat. S. C. — 50 00 —— 9.80806 
So Diff. Longitude 118 — 2.07188 
Io the Diſtance ——- 1.794. 


go AS E III. Two Flaces in one Latitude, their Diſtance 
and Difference of Longitude given, 10 find the Latitude 
they are in. | 1 


Exanple. A Ship fails due Weſt 2700 Miles, and 
then finds her Difference of Longitude to be 4200 Min. 
I demand what Latitude the Ship fails in. 


As Diff. Longitude— —4 C0 62325 
Io Radius * r 
So is the Diſtance 2700 — 3.43123 


| To Sine Comp. Lat. 5. C. — 50 60. 
95 CASE 


ASE IV. Tuo Ships ſailing directly North or St, 
8 their Diſtance in one 227 Zen to find their Diftance 1 
+. Example. Suppoſe two Ships in Latitude 5 Peg. O00 Wl 
Min. North, diſtant 200 Miles, ſail both Gre North 
into Latitude 73 Deg. oo Min. I demand their nce 
in that Parallel, 5 | - 


» 0 
* 


As Sine Comp. of Lat. fail'd from 50 00 Co. Ar. o. 19194 
Io their Diſtance in that Parallel 200 B 439803 


Fo Sine Comp. of Lat. ſail'd to 73 00 ——— 
To their Diſtance in Lat, ſail'd to 91 1,95850 


CASE V. Two Ships in one Parallel, with their Di- 

Fance in that Parallel given, ſailing both direciy North 

er South, with their Diſtance in the Parallel ſail d to given, 
to find the Latitude come to. = . 


Ezample. Two Ships in Latitude Fe Deg. oo Min. 
diftant 200 Miles, ſail both directly North, till their 
Diftance is but 91 Miles; I demand the Latitude come 


to. . 8 ' , D 
| This is but the laſt Canon inverted, viz. - 
r l | | 20s. © By. 


As their Diſtance in Lat failed from 200 —— 7.69897 
To Sine Comp. of Lat. fail'd d- ! 9 

from S. C. b Po —— — 759 oom 07 
So Diſtance in Lat. come to ——91— 23904 
To Sine Comp. of Lat. come to ——73 +, co 9.46608 


— y * —— —— — A 2 — — — ̃ ——— ̃ P dt 


—— — 2 


In the e Five Caſes of Parallel Sailing I have ſet down 

but one Example in each Caſe, it being of no great Uſe 

in the Practice of Navigation; and yet it was it 

thould be omitted, becauſe of its Ulfulnels as he ng 2 

| good Help towards a right Notion and 1 

of the Terreſtrial Globe; for in Hain Sailing there is no 
ſuch thing as Difference of Longitude, as Gifünet from 


* 


—_— — — — 


15 Depar- 


0 


Sed. 6. Middle Latitude Sailing. 6 
bY Departure; but here the Difference between the one and 
the other is plainly evident, the Difference of Lon itude 
being ſometimes twice or thrice as much as the Depar- 
ture, it bearing always the ſame Proportion to the De- 

parture, as Radius doth to Sine Complement of the La- 


65 


„ bieade or Parallel fail'd in. 

> 2 : : — — cd 5 — 2 

: > - 8 E, C. T. 14 FRY 5 0 

4 dne eee dee 200 | 

i Middle Latitude Sailing Trigonometrical.. 
59 „ bntiga e 2G vid d 542 of 

. AER is not exactly true, yet 


becauſe of its (general) Conformity to the Globe, 


1 wan got un omit it; for notwithſtanding that 


q | ; n Je > 
it comes ſhort of Mercator s (or rather Wright's) Sailing 


i which, che Degrees of Longitude, bear exactly the 
fame Proportion to the Degrees of Latitude in any Pa- 
rallel, as it doth upon the 8 


lobe) yet it exceeds Plain 


Sailing (which ſuppoſeth the Earth to be a plain Super- 
ficies, and the Degrees of Longitude and Latitude tp be 


* 


every where equal); and therefore {orang it hath heen 
ſometimes taught and practiſed, as one o 
Sailing Cor keeping a Reckoning) now in Uſe; I ſhall 


the Kinds of 


proceed to an Example in each Cafe thereof. And 
the rather I take notice of it, becauſe when I came to 


o over this in the new Way of Working without any 


Canon, I ſhall ſhew how it may be done, not only with 
more Paſe and Expedition, but alſo müch more nearly 
(it not exactly) agrecing with Mercator, and conſequent- 


ly with the Globe it ſelf, than what hath been com- 


monly taught and practiſed in that Kind of Sailing; but 


W ſhall refer that to its- proper Place in the Second Part 


hereof, and ſhall here proceed (as in Plain and Mercator, 
c.) to work the ſeveral Caſes of Middle Latitude Sailing 
the common Way and the Ahalogies or Proportions made 
uſe of herein (beſides thoſe EEE which 
| = are 


- — * - 
o K 
wm; " — 
- 4 = R f 
— — — 225274 „ LL LEES 
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Ae! 
| Sing ) are mch theſe two, vis. 


So is the Beparture OY 

To the Difference of Longitade 

And theſe Proportioris may be ihverted accofdin 
What is 4765 and 48 2 is required by Eirlide, 
Prop. 14 & x6. & Coil. always obſerving C%: 1 in 
required 155 the laſt of the four in ion: 


1 more plainly ap pear. 


Dt 


teh 46d ufefal, herd 4s al 8 in re 


* *7 1 


._ As ; Difference of Latitude | 

To Difference of Longitud 

So Sine mplement of + 120 AL 

To Tangent of the Courſe from the Meridian. 


i ttm, ee 2 * * 4 e 


The other Proportion i is, 


As Sine Complement of Middle fatitude 
To Radius, 


— | For poſe both Latitudes and Courſe Ye wen, anti 
french of ED —_—_ chen rhe! 28 : 


bill be. 


Aoi Gt Joni rn lan Lattade 

A Pes Coutts, . 1 
So Difference of Latitud e 1 | 25 8 « #3 a 1 
+. To Diffiace of Longitde, H W Init, 


And 10 ih "others, as in the enſuing Opens vil : 


1 


There is "fs another! Proportion of Uſe,FSr findin 
the Courſe, Diſtance or Difference of Lorigftnde, which 3 
any two of them, together with both winch i 
* or Bund; and e roportion! is, rs | 


. Sine, Tom plement of Middle "YER 
Is to the Sine 25 the Courſe from the Meridian, 
Fo is the Diflance ſailed » _ | 
Io che Difference of Longitude. . 


* 


gear 63 TFrigonometrical. . 67 


= be | being given, the fourth may be found. 


IH CASE l. Onr Zotinde, Corſe and Phar gie 


Aud ſo by inverting the Canon, any chips. of them 
fon the other * Departure, and: Differ enot 2 
gitud . 
A chig in eee oo Min. North, ſails N. W. 


by oy: Miles; 1 — the Latitude come to, with 
2 eperture and Difference of Longitude. . . 


Se the ame MTU. in Mereoter's As Caſe the 


For the Difference of Latitude. 

5% Zul | | 1 
FR Radius — — — ä o — I0.00000 
To the Diſtance —— 987 — 2.99432 
So Sine Comp. of Courſe 56 I5 ——— 9.  9-91984 
Fo Diff. of Latitude 821 251416 
* Lavivude come to 18 63 Deg. 4¹ Min. 

Fer the Departure: 
| e EY 
To the Diftance ———— 987 — 2: 99432 

So Sine of the Courſe -33 LT — 974473 

| To the Departure — c 548 — 273905 


+ 


For the Difference of ba : 


Becauſe this Canon for finding the Difference of Lon- 
| Litude is ded upon the middle Latitude, obſerve 

that it is always nth by adding the 2 Latitudes toge- 
ther, and half the Sum is the Middle Latitude required. 


F 2 Thus 
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| . 1 Be x... WI, : 98 1 
Thus is the Example the Latitude fail'd from 30 og 
The Latitude fail'd to is — 63 41 


3: Herrin 
The half of which is the Middle Lat. viz. 56 51 


The exact Half is 46d 50 m 5; but you need not be 
cateful to half a Minute: But where the Sum is an odd 
Minute, take always the bigger Half; for the Middle 
Latitude is a Latitude rather too little to work with, 
and conſequently the Sine Complement of it is always a 
Sine rather too great, and makes the Longitude come out 
leſs than really it ſhould be: And altho' there is no 
Way to find a Mean Latitude to work with as Middle 
Latitude (without roo much Trouble ) that will bring out 
the required Longitude the ſame exactly with. Mercator ; 
yet the Middle Latitude found as before being always 
too little, the taking the greater Half, where an odd 
Minute happens, will be ſo far from augmenting the 
Error, that it rather leſſens it, and makes the Longitude 
ſo found more nearly (tho' not exactly) conformable 
to the Longitude found by Mercator's Sailing ; which for 
Inſtance in this firſt Queſtion. we ſhall work by each of 
the three Canons beforementioned. | 


898 | d. 1 . ir. 
As Sine Comp. of Middle Lat.— 56 51———0.26215 


Io Tang. of the Courſe 33 45——9:-82489 


— So Diff. of Lat. — 821 2.91434 
Io Diff. of Longitude — 1003 —3.00138 
As Sine Comp. of Middle Lat.—56 519.7378 
Io Radius —— — 9 00 — 10.0000 
50 Departure | — — 48 —— 2.73878 
To Diff. of Longitude 1003 3.50093 


ea | A: ain, 


Sec. 6.  Trigonometrical: ; 69 


= Hain, ä Co. Ar. 
Fine Comp. of Middle Lat.—56 51-———0.2621 5 


IE Te sine of the Courſe ——— 33 45———9.74473 
= 50 is the Diſtance - | — 87 — 2-99432 


8 | CASE II. Both Latitudes and the Courſe given, to find 
J Diſtance, Departure, and Difference of Longitude. © 


3 A Ship takes her Departure from an Iſland, in Lati- 
= tude $6 — 25 Min. North, and fails N. N. E. for ſeveral 
= Days, and then finds herſelf by Obſervation to be in 
Latitude 68 Deg. 30 Min. North; I demand the Diſtance 
= ſailed, with her Departure and Difference of Longitude. 
J See the ſame Queſtion in Mercator's Sailing, Caſe the 
WW Second. The Difference of Latitude, is 12 Deg. 5 Min. 
= or 725 Min. or Miles, 


Then for the Diſtance. 
1 d m | 
As Sine Comp. of Courſe S8. C.—22 30 ——— 9.96561 


To Diff. of Latitude 725——— 2.86033 
So is Radius 90 00 —— 10.99000 


To the Diſtance — 72.9472 
Then for the Departure, 


d m 
As Sine Comp. of Courſe 8. C.—22 30 — 0.03439 
Io Diff. of Latitude — 725 — 2.86033 
So Sine of Courſe Sine —22 30 9.58284 


To Departure — 300 — 2.47750 


The two Latitudes ) 58 ag 


| 2 Sum 12 . 
Sum — 62 28 the Middle Latitude 
J{ 2 (required. 
: | F 3 As 


Chap. 2. 


50 Midlle Latitude Seiling 


* 
As Sine Comp- Mad. Lat.. C62 — 


„ eee — — — DI-<——=—S5=&>—"00 


"Tm Difference Skenghude 05 —— e 


CASE M. Both Latitues and Dance ven, do ful 
the Courſe, Departure, ani Difference of Longitude. 


-A\Ship in Lat. 55 Deg. oo Min. North, ſails between 
the Noth and Eaſt 86 Miles, and is then eome into 


Lat. 56 Deg. 10 Min. North ; her Courſe, Departure, and 
Difference of Longitude is required. 


See the ſame Queſtion Conly inverted, what is re- 
Lee there 3 given here) in Mercater's Sailing, 
* 


| For the Courſe. 

As Diflance ————— 86 1.93449 
Jo Radius — god oo -—-19.00000 
So Diff. of Lat. — —— 70 — 1.84509 
{15 nk dare 
Io * * 35 pu” — Ho 

For the Departure. | 

ond | W 
As Radius —— 90 00 -I10,00000 
Io the Diſtanfe ——————— 86 — 1.93440 

So dine of the Courſe 


— 35 31 — 946413 
To Departure — 8 5 


For the Difference of Longitude. 
; | a «8 ;. Co. Ar. 
As Sine Comp. of Mid. — 35 = 0.24779 
To Tang. of the Courſe — 35 Z1———9g.$5086 
o Diff. of Lat. — — 70 — 1.8450 


* : 


; - 


WEST 
* 2 


Yo Dif. of Longitude— | 


——— 1.94374 


Or, 


1 CY 


7 
d m 


ine Com of „ 5— 9.752 
TY adius : ſes 38 . 


21 one 


So Departure — c — 50 — 1.69897 
"IP Diff. of Longitude— — 88 — N. 


c ASE TV. Both Linde, and Dene, given, * 
find Courſe, Diſtance, and Difference” of Longitude, 


A Ship in Latitude 55 * g. 00 Min. North, ſails be- 
W tween the North and into Latitude 56 Des: 10 Min. 
North, her Departure 50 Min. the AN W ith 
ind Difference of Longitude i is required. 


See the ſame nn in Mercator's Selig Cale the 


fc f ' 


Fw the Courſe 50 ca the 0 of Plain Sling 


| 58 5 E: T eee 


As Diff of Latitude —————— 70 1.84509 
Io Radius Ot ooo. ooo 
So Departure 50 1.689 
To Tang. of Courſe ——— 35 32 e 
For tbe, DEE 
As Sine of the n 35 1 — 976430 
To Departure — — 50 — 1.69897 
S0 Radius ——— — 00 10. 00000 
To the Diſtance — — 8 — 1.93467 
For n 7 3 


A Sine Comp. of Mid. Lat. a 35 n AIM. 
adius yy — 90 00 — 10.00 


* 
* n 
— 2 


| 80 b Jeparture = 


21 Ty! Difference of FLongitude un 154677 
F 4 5 CASE 


-_ 


72 Middle Latitude Sailing Chap. 2. 


CASE V. Bei Latinudes end Difference of Longind. Wi 
ien, to find l Difonce ind B. _ 


| &. pr 
* 
" 


Po, 
— ® * 0 Pe 
, 4 


North, the other in Latitude 58 Deg. N North, 1 | 
their Difference of Longitude 2 Deg. 30 Min. 
See Mercator, Caſe the ſixth. 1 IT 
84 1 295) la ee For the Courſe, 
As Diff. of Latitude————————140 Co. Ar. 5.85387 
To Diff. of Longitude — 150 2.17609 4} 
Fo Sine Comp. of Mid. Lat.—57 d 25 m—— 9.73120 


Io Tang. of the Courſe———29 59 —— 9.76116 
2 For the Dh 
© As Sine Comp! of Courſe———60 01 —»——9.93760 


> -» 


* 


* 


1 1 217 


To the Diſtance — — * 

For the Departure, 
N 4 „ 
As Sine Comp. of Courſe S8. C29 59 C., Ar. o. ob 239 
Io Diff. of Latitude — 140 2.14612 
Bo dine of the Courſe Sine — 29 59 — 9.69875 


„e Depenure . 8 -- 0 


Theſe Five are the moſt neceſſary and uſeful Caſes 

in Middle Latitude, and indeed all that are of Uſe in 

| ea Ceckopipg. yet there are ſeveral other Caſes, 

- which 1 thall._ inſert-for Variety 3 but becauſe they are 

-potaſo neceſſary-in Practice, I ſhall only ſet down the 

Data and Quefiia, with the Canons or Proportions for 

Fading wirt. is required, and ſhall leave the Opera- 
tions for the Reader's Practi gde. 

* 4 0 | . "IF 8 KS CASE 


— 


| 


I demand the Courſe Diſtance and Meridian Diſtance Wl 
between two Places, one in Latitude 56 Deg. 15 Min, 


AaNT OO Wow 


vo ' © Þ ©, 


- 51496 


sed 6:  Trigonometrical, 


demand as above. 


ok 


3B | CASE VI. One Latitude, Courſe and Departure given 
10 find the other Latitude, Diſtance and Difference of 
LCLongitude. | png TENSE NL © 


A Ship in Latitude 55 Deg. oo Min. North, ſails North 
35 Deg. 32 Min. Eafterly, till her Departure be 50; I 


1 
1 


For Difference of Latitude. 


A“ Sine Courſe to Departure, ſo Sine Comp. of Courſe 


to Diff. of Latitude. 

The Difference of Latitude thus found, the Latitude 
come to is eaſily found, as in Mercator, Caſe the firſt; 
and both Latitudes being found, the Middle Latitude 
be on, as in Middle Latitude Sailing, Caſe the firſt. 
Then, EE 


5 | F or t he Diſt ance. 


As Sineof the Courfe to Departure, ſo Radius to the 
iſtance. N 


Fx Difference of Langitude , 
As Sine Comp, of Mid. Lat. to Radius, ſo Departure 


to Diff. of Longit. 5 


CASE vn. One Latitude, Diftance, and Departwe 
Atven, to find the other Latitude, Courſe, and Difference 
of Longiiude. | : © Fo 
Fro the Courſe. 


As Diſtance to Radius, ſo Departure to Sine of the 
Courſe, : 
. F. 


the. Courſe to Difference of Latitude, 5111 0 53* A 


For Difference of Latitude. 


As Radius de the Diane, ſo Sine Come: ofche Cour 'Y 


to the Diff. of Latitude. 
Far abe Difference of Longitude. 


As Sine 9 of Middle Latitude to Radius, £ Des 3 


parture to Difference of Longitude. 


CASE VIII. Courſe, Departure, and be of Lon. 
Sine given, 10 4 both Latuudes an SA; 


| Fir the Dißance. | 
As Sine of the 0 wre fo Radius to ks 
Diſtance. ag g 
For the Di ference of Latitude, 
As Sine of the Courſe to Departure, ſo Sine Comp. of 


* 
- *. 


For the Middle Latitude. Mp 
As Difference of Löngi itude to Departure, ſo Radius 


2 den. .. 
e Middle Tanken je inde. of Latitude thus 


Middle Latitade Sailing Chap. 2. 


found, both Latitudes are eaſily found; for adding half 


the Difference of Latitude to the Middle Latitude, the 


Fum is the greater Latitude, and ſubtracting the aid 


Half from the Middle Latitude, W is gone 
jeſler Latitude. . X 


CASE 


* 


* 


EASE IX. Middle Latitude, Cour ſe and Diftance 


BY p 1 both Latitudes, Bae, ant Difference 
0 ongi . 


N J Wor Difference of Latitude, and conſequently both Latitudes. 
7 1 A udius-to che Diſtance, ſo Sine Comp. of Sap es to 


a. of Lacicude. 
W Then find both Latitudes, as in Cafe the eighth. 


Then for Dejarinre byCaſe the firſt of Plain Sailike,* - 


= As Radius to the Niſtance, ſo Sine of the > OR to 
; Peparture. 
a 5472217 4 16 222120 


For the Differente of Ebi A *$ ©? 


As Sine Comp. of Middle Latitude to Sine of the 
Courſe, ſo is the Diſtance to the Difference of Lon- 
; zitude. a de FI * 
| CAS E x. Courſe, YEE 5 4 Difference of Lough: 

_ ps; to: jad both Latitude and 9 | 


For Middle Latitade, © int 4 


1 


«if 


of 


US 

M "As Difference ok Langitude to the Diſtance, ſo is Fine 
1 of the Cantſe ro Sine Comp. of vlicle Latitude. br, — 
© Bur a Difforanceisf Laine. 
1e 


As Radius to the Diſtance, ſo Sine Comp. of Courſe 
to Diff. of Latitude 
Then Ad bah Jacitadesas 3 in Caſe. the eighth. 


T For th the Departure. fe 4 
Fe" Radius to the. Diſtance, .o Sue of * Courſe «to 


Departure. 


* 2955 - : a £ A S E 
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CASE XI. Courſe, Difference of Latitude, ani pip * ; 
rence of Longitude given, to find both Latitudes, Diſtance } 
end Departure. 1 


For the Middle Latitude. 


As Difference of Longitude to Difference of Latitude 
ſo is Tangent of the Courſe to Sine Comp. of Middle 
Latitude. I 
By Difference of Latitude and Middle Latitude find ö 
both Latitudes, as in Cafe the eighth. 


For the Diftance. 


As Sine Comp. of the Courſe to Difference of Latitude 
fo is Radius to the Diſtance. 


For the Departure. 


As Sine Comp. of the Courſe to the Difference of Li 
titude, So Sine of the Courſe to the Departure. 


: e a Z K 7 pan tho” 3 So 8 8 - 
SD Sp II EN EO 7> „777ĩ nl NS 


CASE XII. Middle Latitude, Courſe and Differen 
of Longitude given, to find both Latitudes, Diſtance, « 
eparture. 


As Tangent of the Courſe to Sine Comp. of Middl:M 
Latitude, fo Difference of Longitude to Difference o 
Latitude. 
Then find Diſtance and 3 as in Caſe the 
. eleventh. ; 3 
c A 8 E XII. One Latiade, Departure and Differenc 3 
of Longitude given, to find the other Latitude, Courſ. 
and Diftance. 3 


As Difference of Longitude to Departure, to EN 
to Sine Comp. of an Latitude. 


6 Suben IJ 


Eck. i. Trigonemetrical: 


77 

bend the given Latitude and Middle Latitude the 
5 * 3 s from the greater, the Remainder doulibed is the 
2 hifference of Latitude. | 


1 Then for the Cour ſe. 
| 4 As Difference of Latitude to n ſo Departure o 


100% engent of the Courſe. 

dle ; 

gan Then for the Diftance. 
| As Sine of the Courſe to Departure, fo Radius to the 
diſtance. 

de , „C7 


CHAP. II. 


2 ,. ne to Ds ey T3 


S MNuvigation by Inſpeflion. 
ku 5 | 
dil | 5 
" S:K©Þ bobs 


Traverſe; and alſo to keep 4 Reckoning both in Longi- 


ference of Latitude and Departure. ; 


N all Caſes of Plain Sailing, there are always Fur 
Terms, viz. Courſe, Diſtance, Difference of Latitude 

and Departure, two of which are always given to find 
the other two; and in the Traverſe Table, the Courſe 
is to be found in the Degrees, Points, or Quarter Points, 


Ty at 


Wow to wor l all the Caſes in plain Sailing, end to work & | 


tude and Latitude, only by In ſpethon i in the Tote of Dij- 2 


78 Plain Sailing by Infpeftion. Ch. 7 b. 
at the Top of each Leaf. The Diſtance is found in the 
firſt and laſt Columins of each Page, and the Differene A 
of Latitude and Departure are found in the reſt of th, A: * 
Columns in the Body of each Leaf Side ; and which 9 4 
of the Terms ſoevet you hæve given, they being found 
in their proper Places, the two required Terms l 

alſo be fouad in che correſponding Columns: 1 Mall in 
ſtance in Examples of all * ſix C of Plain Saline 1 


CAS E IL cs — co: to aner, Ef 
| ao Leuna and 1 2 | | 


'A Ship gail, 8. 25 Deg. E. 96 Miles; 1 — | 
Difference of Latitude and Departure. | 
In this Table, the left Hand Page in the Columns ol 
from 1 to 50, and the right hand Pag 
Goon 50 to 100, and the given Diſtance here being above 
diz. 96, look along the Top of the right hand — 1 
al you find 25 Deg. and right under FS and againſt 96 
the Diſtance you. find 87d on for the Difrence of 15 5 
tityde, and 40 d 6m for the Departure, as the Title al 
the Top directs. 9 
But fuppoſe your Courſe had been South 65 Degree 
Eaſt, you find 65 Degrees at the Bottom of the pr E 
Column where you find 25 at the Top, and 8 5 
the Diſtance, you find Difference of I atitude, nd D | 
parture the ſame, viz. 87: o, and 40: 6, only with thi 
Alreration, that now 87: o is the Departure, and 40: 
6 is the Difference of Latitude; whereas before it wall 
contrary: But to avoid Miſtakes herein, obſerve where 
you find the Degree of the Courſe whether at the Too 
or Bottom of the Table, there find alſo the Tirle of tf 
Columns of Difference of Latitude and 
Thus, in che firſt Example of 25 Degrees, you fink the | 
Degree at the Top, and therefore the Title alſo at the 
Top ſhews, that the firſt of the two Columns is Diffe- 
rence of Laritnde, and the ſecond the Departure; but 
in the ſecond Example of 64 Degrees, you find the-De- Wh 
ree * the Bottom; and therefore the Title bei being alſo W 
ound at the Boron, ſhews that the firſt Column is — | 


— 


4 


* . * 
* 
* ” 
MM wlll > 5 © 0 


« wal c# co i at: n co £9 S007 


E , * 


Ev 
P 


"x 
2 
<td 
- 
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2 


Wy 
. 
wy 
* 
74 
* 
% 


vw 
_ +» * 


x 5 
1 
* 


1 
"2 
. > 

3 
c 15 
. 


8. 


3 Points, I look for 3 Points, which I find at the Top 
f the Leaf, and under it againſt 100, I find, 


TEETH l . YT \ * * ww * ' . 


WT Thed againſt 23 I find under 3 Points 19: 1 12: 


* 2 q Q : 7 1 *. 
: "a, % * 1 x 8 * 1 : 9 # 2 £ ff ; 4 4 - F 
b 1 i ? 4 * * , © > 5 | * \ * 1 * 1 O2 . 2 4 „ 68 "4% * 4 
; * . 
i - 1 = * 
7 < * - „ AT * - — 


11 r 1.25 12.1 EA 
Theſe Sums added ſeverally, give 102: 2 for the Diffe- 
rence of Latitude, and 68: 4 for the Departure. 
But ſuppoſe your Diſtance were ſo great àa Number, 
that it would require to be taken out at a great many 
Times, as in the Queſtion in Caſe I. of Mercator s Sailing 
Trigonometrical, A Ship ſails 987 Miles N. W. by N. Cr. 
W you may alſo take this out at twice; for having found 
3 Points, you may take out firſt for 980, and then for 7 
thus; look under three Points, till you come down 
3 the Diſtance 98, and againſt it you have 81: 5, 
or Difference of Latitude, and 54: 4, for the Depar- 
ture; but becauſe the 98 is advanced a Figure or Place 


re towards the Left Hand, and called 980, therefore ad- 
8 vance the other alfo a Place to the Left land, then will 
e the Diff. of Latitude, 81 : 5, be- 
e: Diff. Lat. Dep. come 815, and the Departure 54: E 
e815 5 4 will be 544: then finding alfo J 


5 :-8 329 for the 7, becauſe the whole Di- 
Y | ſtance is 987, the Work will ſtand 
820 :8 $547: 9 as in the Margin, and the Difference 
* 1 | of Latitude is 820: 8, and Depar- 
ture, 547: 9. 


Another 


s 


+ 


Plain Sato by ne Chap. 3. | 
per when Jour given Dil 


of the ven Diſtance; the Numbers ſo found thall bel 
the Di et Latirude and reh —_ G 


9 
5 7 
> * a 


Third, or * by 4, if you — one fourth,” J oy ij 


| Brample 
A Ships ſails S. 8. W. 120; I demand Diff. Latitude and 


Here, 3 the Table not ſo far as 120, I take 

- the Half of it, viz. 60, and againſt it, under two Points 
(becauſe S.S, W. is two Points from the Meridian) I find 

4, for Difference of Latitude, and 23: o, for the 

| he which two Numbers being doubled, cbecauſe FI 

I took but half the Diſtance) gives 110: 8, for the "0 
Difference of W gas and 4⁵ _ we the Departure, 1 

mm ee. I's 7 INE 1 


0 AS E . Corſe ** Di erence Liaeiinide en. 10 3 pa, 
| find e 15 e F! given a : 


. | A Ship fails North 5Pdeg, Weſterly till her Difference 
| of Latitude: be 120 11 — her Diſtance and 
Departure. 


Becauſe 120 is not to be found in the Table, I take 
half of it, vis. 60, and finding 38 deg, at the Top 
look under it till I find 60 under [Lat. ] for Die 
of Latitude, and right againſt it, in the Column of 
Diſtance, 1 find 76, which doubled is 152, the —_— 
requir'd, and againſt it, under [Dep.] T find 46 2 


which WSN | is 93: 6, rhe Departure required. EY 


W 153 e . 7 > . . 
e. 1: Plain Sailing by Inſpettion. 81 


oY AS E UT. Corſe and Departure given, to find the 
1 Diſtance and Difference of Latitude. 


B+ Ship fails S. W. by S tin her Departure be 40 Miles; 
aemand Diſtance and Difference of Latitude. 
Find the Points at the Top, and under it, in the Co- 
nn of Departure, find 40 F which you find 72 
r the Diſtance, and 59 : 8, or the Departure. 

ASE IV. Diffance and Difference of Latitude given, 
= to find Courſe and Departure. | 
Bs A Ship ſails 71 Miles in the S. W. Quarter, her Diffe- 
Wnce of Latitude 59 Miles; I demand Courſe and De- 


rture. 5 
Look for 71 in the Column of Diſtance, and run over 


1 e ſeveral Columns of your Table, till you find 59 in 
1e We of the other Columns againſt it, which being found, 
e. ſerve where you find the Title [Lat.] whether at the 
pop or Bottom of the Table; for there you find alſo the 


ourſe, as in this Example. I run over the Table, till 
inſt 71, I find 59: o, and the Title [Lat.] being at 
e Top, I find alſo the Courſe at the Top, viz. 3 Points, 
5. W. by S. and Departure 30: 4. Fo 


* : . | - 

d ASE V. Diſtance and Departure given, to find Courſe 
= a4 and Difference of Latitude. 

7 8 AShip ſails between the South and Eaſt 150 Miles, he 

e Peparture 53 Miles; I demand the Courſe and Diffe- 
f nce of Latitude. | 

* Look for 100 in the Column of Diſtance, and againſt 
1 run over your Table till you find 53 for the Departure, 


x nd over it you find 32 gre for the Courſe, and 
2, for the Difference of Latitude required. 


=. - So CASE 
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CAS VI. Difference o Lane arture give Y 
, 4 ia find Cour and Diftance. Pep go N Y 3 


A Ship fails. betw e the N. n e fl 
titude be 56, : 

the Courſe and Hit Paper: 

Look through, the Jan of Dif. of Lacapd der 
Wn, till you. 56, o, againſt 35. o and ver thai = | 
you find 32 Degrees for the Courſe, and 66 Miles fol ; 
the Diſtance, & c. Y 
Note, You cannot always find exactly the Numben 1 
given, but find the neareſt you can, whic wil generally 
be of luffcient Ewa for common Uſe. 0 


N wad, 1 CI 0 i RIES 3 8 2 : 
LANDES . 8 8 + Wy 
4 . * 


How to work a Nover r by the Tables of Diffrence 175 : : | 
_ titude * Departure. | ; 


HIS is the ld Thing for which theſe Table | 
are of Uſe, and this Way of working a Traverſe i 
equal to the beſt for Exa&neſs, and much more expedi 
tious; and therefore J have of Purpoſe omitted Traveri 
Gailing i in the Geometrical Part hereof, as being too te 
dious for Practice at Sea. nils“ WM 

I ſhall inſtance in Queſtion the fitſt of Traverſe Sail 
Geometrical, and ſhall ſolve the ſame here by the Tab | 


A Ship fails 8. 8 pt o Miles, then N. E. by N. 448 
Miles, then E. b iles, then N. N. E. 44 ; 14-8 
mand the Cour e, —— ifference of Latitude * ; 
Departure, from the Place Hild from. 


Firſt, Make a little Table with 6 Columns, as youll 
ſee i in the tollowing Page. 1 3 
f 


: an ef ty: +: > ty: 2 12s 
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gect. 2. Traverſe Sailing by Inſpetion. 83 
| The firſt is the Courſe, | 
1 The ſecond the Diſtance. 
"RE The third the Northing. 

The fourth the Southing. 
The fitch, the Faſting. 
ing © The ſixth the Weſting. 
ao | Cour ſe. Dit. North. 
oo S. s. k. 30 [——|27 : 7 [IT z 
= | N.E-byN.| 40 33: 2 
E. by N. 25. | 4: 
N. N. E. 44 [40:: 
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4 
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Then, by Ca ſe I. find the Difference of Latitude and 
Veparture to every Courſe, and ſet them in their proper 
Columns; as where the Courſe is Northerly, ſet the 
Difference of Latitude under Northing, or in the North 
Column; and where the Courſe is Cs ſet the 
Difference of Latitude in the South Collum. 
| Again, when the Courſe is Eaſterly, ſet the Depar- 
ture in the: Eaſt Column, and when the Courſe is Weſt- 
We crly, ſet the Departure in the Weſt Column; then add-- 
ing up each Column by it ſelf, ſubrra& the North and 
South Columns, the greater from the leſſer, the Re- 
mainder is the Northing or Southing made good. Alſo 
ſubtract the Eaſt and Weſt Columns, the bigger from 
WT the leſſer, the Remainder. is the Eaſting or Weſting 
made good; then have you Difference of Latitude and 
Departure given, to find the Courſe and Diſtance, by 
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Caſe VI. 


EOF. . EO 
8 | 8 — 


between South and Eaſt, I place my Difference of Lati. 


and 50: , over which, at the top 5 
for the Courſe, which is N. E. by N. o 4 15 % Eafterly,i 


for, whoſe Courſe and Diſtance from the Place ſail 
from is given, find thereby the Difference of Latitude 


good, (if it be the leſſer Number, or the other krom it, dla 


84 Traverſe Sailing by 1 aſpection. Chap. 3 
In this Example, the firſt Courſe is S. S. E. 30 Miles, Se 

or two Points 30 Miles; for which, by Caſe]. I find the 

Difference of Latitude 27 : 7. Now the Courſe being . 


1 
1 + 1 


titude in the South Column, and my Departure 11: 5 


in the Eaſt Column, leaving the North and Weſt Co. 


lumns blank. 1 
Then for the ſecond Courſe, N. E. by N. or 3 Points 3 

40 Miles, here my Difference of Latitude, 33: 3, is tu 
be placed in the North Column, and the Departure 22 : % ne 
in the Eaſt Column, becauſe the Courſe is between 
the North and Eaſt. = EL NS "8 
Ihen the third Courſe being E. by N. or 7 Points, 2 
Miles, I place my Difference of Latitude, 4, : g, in the ler 
North Column, and Departure, 24: 5, in the EA he 
Column. | | = 
And ſo for the fourth Courſe, N. N. E. or 2 Points 
44 Miles, I place my Difference of Latitude, 40: 6, i e 
the North Column, and my Departure, 16 : 8, in th hu 
Faſt Column, and then adding up each Colami : he 
the Sum of the Northing Column is 78: 8, and th 
Sum ofthe Southing Column is 27: 7, which ſubtraQel an 
from the Northing 78: 8, the Remainder, 51: 1, ui 
the Difference of Latitude made good, which is No- 
thing, becauſe the Northing was the greater Number. 
Again, the Sum of the Eaſting Column is 75: o, which 
8 there is no Weſting to ſubtract from itz is the 
Eaſting made good. Thus you have the Northing, 51: he 
and the Eaſting, 75 : o, given, to find Courſe ani the 
Diſtance, by Caſe VI. and although you cannot find iii re 
the Table the exact Numbers of 51: 1, and 75 : o to 
gether, yet find the neareſt you can, which is 75 : oi 
you find 34 Degree 


and the Diſtance g1 Miles. | 
But if you have a Place propos d that you are bound 


and Departure to the Place bound for, from which ſub- N bet 
tract the Difference of Latitude and Departure, made Wit 


1 ] 


ect. 2. Traverſe Sailing by Iuſpection. 85 
he Ik one of them be the greater Number) the Remainder 
ng the Difference of Latitude and Departure fron the Ship 
ti, the Place bound for, by which you may find the 
ourſe and Diſtance by C#ſe v. 
Example. In the firſt Queſtion in Traverſe Sailing Geo- 
ztrical, there is a Place propoſed to be fail'd to, Tiftane 
20 Miles N. E.-E. the Difference of Latitude for that 
WE ourſe and Diſtance is found by Caſe I. to be 76: 2, 
nd the Departure, 92: 8. Now the Difference of La- 
itude made good by the Ship being but 51: 1, if ſub- 
raged from the whole Difference of Latitude to the 
Place bound for, 76: 2, it is evident that the Remain- 
Wer, 25 : 1, muſt be the Difference of Latitude from 
he Ship to the Place bound for. Alſo the Departure 
nade ow by the Ship, 75 : o, ſubtracted from the 
whole 


tl eparture, 92 : 8, the Remainder, 17 : 8, is the 
in Departure from the Ship to the Port bound for, And 
he hus you have the Difference of Latitude, 25 : 1, and 
n he Departure, 17 : 8, to find the Courſe and Diſtance | 
Wo ov _ VI. and the neareſt to theſe two Numbers that 
el kan he found is 25 : 4, and 17: 8, over which you 
Wave 35 deg, for the Courſe, and againſt it, 31 Miles 


Wor the Diſtance, viz. N. E. by N. 14 15m. Eafterly, 3x 
Niles is the Courſe and Diſtance to the Place bound 
Wor, Cc. 5 | 1 

| But ſuppoſe the Difference of Latitude made good by 
the Ship were more than the Difference of Latitude to 
he Port bound for, you muſt ſubtract the leſſer from the 


n | ET ITO. 
in reater, and the Remainder is the Difference of Lati- 
0. ude from the Ship to the Port, but of a contrary: De- 


nomination, which ſeems to be ſo plain, that it needs 
eo Example; for if a Man intends to travel to a Place 
hat bears due N. from him 12 Miles; if the Man travels 

15 Miles due North, his Courſe from thence to the Place 
ound for is South 3 Miles; even ſo if a Ship intending 


14 Wor the Port aforeſaid, whoſe Difference of Latitude is 
de s: 2 North, and Departure 928 Eaſt, ſhould fail. 
;b- WWbetween the North and Eaſt, till her Difference of La: 
de ritude be 100 North, and Departure 75: o Eaſt, tis 


plain ſhe is to the Northward of her Port; becauſe ſhe 
has got more Difference of Latitude Northerly ; and the 


G 3 | is 


* 
* 


86 © Longitude by Inſpection. Chap. 3. ec 
is alfo to the Weſtward of her Port, becauſe ſhe hach 
not got ſo much Departure Eaſterly; and therefore ſub- 1 
tracting the bigger Difference of Latitude from the leſs; | A 

the Remainder, 23 : 8, is the Difference, of Latitude ne 
Southerly from the Ship to the Port bound for; and the 
Departure, 75 : o, ſubtracted from the whole Departure 4 
92 : 8, the Remainder, 17 : 8, 


5 
1 
th 
* 


$. the Departure 42 


| 4 + 
9 
4 £1 
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Cafe VI. to be S. E. by S. 4 S. 29: 5 Miles. 1.1 
| L Sts tis | 5 1 hi 
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How to find the Difference of Longitude by the Table of Die 
1 © »- rence of Latitude and Departure, | i 
Aving one Latitude, Courſe and Diſtance, given 
1 or both Latitudes and Courſe, Cc. you may find 
the reſt according to Plain Sailing, by the foregoing 
Rules, which "being done, find he middle Latitude, 
Ge obſerving that Caution, to take a Latitude rathet 
too big than too little, where the middle Latitude cane 
not exactly be had without a Fraction) then the Rule is: 
| . Find the Complement of middle Latitude amongſt the 
Degrees at che Top or Tg of the Table, and under 
it, (i Ioan; it at the Top, or above it if you find it 
at the Bottom) in the Column of Departure, find your 
Departure, and right againſt it, in the umn of Diſtance, 
s the Difference of Longitude, 5 1 
And altho this Method is not ſo practicable in great 
Numbers, yet it is very uſeful at Sea, for working a Day! 
dun, or the like, which ſeldom exceeds 50 or 60 Leagues; 
and theretore I ſhall recommend it to the Learner, as 
the moſt expeditious Method, and of ſufficient Exact 
nels for ſhort Diſtances ; here being Methods ſufficient | 
laid down in this Treatiſe for more exactly Wen 3 
IJ. * | „ Wo . I» * 0 2 


a 
g 
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4 7 


n N 


7 7 Ong 


rh (+ Reckoning once or twice in a Week, of which more 
ib. nen we come to that Part. 943 70 


8 Note, If you think it too much Trouble to ſubtract the 
iddle Latitude from 75 to find its Complement; you 
he zy find the middle Latitude amongſt the Degrees, as 
„ erore: and find the Departure in the Column of Diffe- 
Fence of Latitude, and againſt it, in the Column of Di- 
ince, you have the Difference of Longitude as before. 
l hall give an Example or two, and refer the Reader 
or farther Practice of this Method, to the Examples 
aid down for A a Reckoning in the latter part of 
nns Book, where I ſhafl illuſtrate this Method by Ex- 
I mple, and ſhew its general Agreement with the Lon- 
itude, as found by Mercator s Sailing. 


Example 1. A Ship in Latitude 55: 0 North, fails in 
che North-Eaft Quarter, into Latitude 56 : 10, her De- 
parture 50; I demand Courſe, Diſtance, and Difference 
of Longirude. 

= Sce the Queſtion in Caſe IV. of Middle Latitude 
ſailing Trigonometrical. ! 
Difference of Latitude 70, Departure 50, the Courſe 


Vill be found by Ca ſe VI. hereof to be 36 Degrees neareſt, 


8 2 omitting the Minutes, and the Diſtance 86. 
ei The Middle Latitude is 55: 35, but becauſe we have 
6 only whole Degrees, we muſt uſe either 55 Degrees, or 


56; and becauſe, as I ſaid before, tis beſt to take a 


b = Degree too great rather than too little, we ſhall call it 
8 56, whoſe Complement 34 found in the Degrees, look 


under it for the Departure 50, the neareſt Number to 
which is 49 : 8, againſt which in the Column of Di- 
8 ſtance, I find 89 tor the Difference of Longitude re- 
| quired» | | 


iy Example 2, in Caſe V. of Middle Latitude Sailing 
5 Trigonometrical. i 
5 


| I demand the Courſe, Diſtance, and Difference of 
Longitude between two Places, one in Latitude 56 : 15 
North, the other in Latitude 58 : 35 North, their Me- 


: = :idian Diſtance 81. 3 
1 84 Duke 


1 


Difference of Latitude 140, Departure 81, the Courſe 
is found by Caſe VI. to be an Angle of 30 Degrees from NF 
the Meridian, and. the Diſtance 162, as you-may ſee by 1 5 
the Traverſe Table. : 5 


' 8 3 1 5 2 1 
Then for Difference of Longitude, the Middle Lati. 


— 


1 
8 


tude is 57 : 25, but we muſt call it in this Caſe 58, 
which found, in the Degrees, there is not ſuch a Num- 
ber as 81 in the Columa of Latitude, therefore find its 


IM” 
T8 


half, 40: 5,, or the neareſt to it, which is 40: 3, and 


5 
r. 
74 + 
i 
"> C 
2 


TS 


-n 


* 


= 


1 
8 


. 


againſt it, in the Column of Diſtance, you find 76, which 
doubled 1s 152, the Difference of Longitude required. 

Note, Although in particular Queſtions the Longitude 
found this Way differs ſometimes a Minute or two from 
that found by Ciara ; becauſe we are obliged to uſe 
whole Degrees in Table for Middle Latitude; yet the 
Error being ſometimes a Minute or two too much, and 
ſometimes as much too little, the Difference is not difs 
cernible in a long Reckoning. = BR 
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Diſtance, and the two Legs the Difference of Latitude 


: [39] 
"CHAP. IV: 


Arithmetical Navigation, 
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"CC T 
Plain Sailing Arithmetical. 


Ping thus finiſhed all the Kinds and Caſes of Na- 
vigation in the foregoing Book, according to the 


Method commonly taught and practiſed both at Sea and 


14 a-ſhore, viz. by a Canon of Logarithmical Sines, Tan- 


gents-and Secants, (together with the Help of the Loga- 
rithms of Natural Numbers) my next Work is (accord- 
ing to my Promiſe) to ſhew, how all the aforeſaid Kinds 
of Navigation may. be compleatly performed without 
any Canon, only by the Help of ſome given Numbers, 


which ſhall be inſerted in their proper Places, which 


are of Uſe where the Courſe is either given or required: 
And firſt in order I ſhall begin with Plain Sailing, in 
which the three firſt Caſes are wrought only by the 
Table of given Numbers, as alſo are thoſe Queſtions in 
the three laſt Caſes where the Courſe is required: But 

the Solution of all Queſtions in Plain Sailing, when two 


8 Sides are given to find a third (as Diſtance and Difference 


of Latitude given to find Departure, Cc.) are grounded 
upon that known Propoſition in Euclide, Lib. 1. Prop. 47, 
012, That the Square of the Hypotenuſe (called there the 
Baſe, becauſe it is the longeſt Side) of a right-angled 
Triangle, is equal to the 2 of both Legs added 
together. Hencetthen (the Hypotenuſe repreſenting the 


and 


COW by 


90 Plain Sailing Arithmetical. Chap. 4. 1 
and Departure) if you ſquare each Leg (that is, multiply 
each Leg by its ſelf) theſe two Sums added together ſhall 9 
be equal to the Square of the Hypotenuſe; and conſe- 
quently, if from the Square of the Hypotenuſe you ü 
ſubtract the ſquare of one Leg, the Remainder is rhe 
Square of the other Leg, as may be proved by thoſe 
three known Numbers, 3, 4, and 5, which three Num- 
bers make a right-angled Triangle; the two Legs being 
3 and.q, and the Hypotenuſe 5 ; Now if you ſquare the BN. 
two Legs, 3 times 3 is9, and 4 time 4 is 16, which two 
Squares 16 and 9 added together, the Sum is 25, the 
Square of 5, the Hypotenuſe. Again, if from 25, the 
uare of the Hypotenuſe, you ſubtract 16, the Square 
of one Leg, there remains g, the ſquare of the other Leg, 
Cc. And when the Square of any Side is thus found, 
the ſquare Root thereof (found as is ſhewn in the firſt I 
Part hereof) is the Side required. a 


Alſo with reſpect to the given Numbers, if Courſe and 
Diſtance be given, multiply the Diſtance by the given 
Numbers, as the Title of the Table directs for Latitude 5 
and Departure, (whoſe Uſe follows in ſeveral Examples) 
the Sum, abating as many Figures to the right Hand as 
you multiply by, is the Difference of Latitude or Depar- Wi 
cure required: Now if the Hypotenuſe multiplied” by Wi 
the given Number produce a Leg, only two Figures to 
be cut off the ſaid Leg being given, and two Figures 
(or Cyphers) added to it, and divided by the ſaid given 
Number, the Quotient muſt needs be the Hypotenuſe ; 
and if fo, then it the fatd Leg with two or more Figures 
{or Cyphers) added to it be divided by the Hypotenuſe, 
the Quotient muſt needs be the given Number, as is 
apparently evident to almoſt every body that have but 
learned the firſt Rudiments of Arithmerick, and under- Wl 
ſtand (what every School-boy is taught) how Multiplica- 
tion and Diviſion will undo and prove each other; and 
hence any two Parts of a Queſtion of Plain Sailing being 
given, the reſt may be found by the Square-root, and 
one Table of given Numbers, all the Caſes except the 
fixth being wrought immediately by the given Numbers; 
and even in the ſixth Caſe, where the two Legs are gi- 
ven, the Hypotenuſe or Diſtance may be found by the 

8 ee RS ſquare 


cr; Plain Sailing Arithmetical, r 
3 quare Root, and then the Courſe, as in the other Caſes 3 
1 1 ſhall explain by the following Example. * 

: « | 


— 
1 
3.4; 


u 1 —— — — . The uſe of this 
© Table is for worki 


TABLE Given Num-] che fix Caſes of Plain 
4 dei I Sailing, in vhich ob- 
— — — ſerve, that in the 


| Depart. eint: firſt and laſt Column 


_ ,— 
BOSS." oF 
5 22 
& .* 
== 
_—_ 4 
BE 7 


— 


1 you have the Rumbs 
1 or Points of the 


» Ws | { 
c al >| | oy £ : | Compaſs, with the 
ey 5 2 664 1 | half Points, and 
2 | 92 23. quarter Points, num- 
| 51 7 I berd from the Me- 
1 d. or North and 


Eaſt or Weſt, accor d- 


| South Line, either 
ing as they ſtand in 


Iv = We hy 
e 191445 1 


order; thus S. S. W. 
I is two Points, be- 
| cauſe South is upon 


2.12 74 the Meridian, then 
13; 7 | S. by W. is one 
| 47 [Point, and S. S. W. 
56 two Points, Cc. So 


— 


8 2 . 

n 1 —likewiſe N. N. I. 
>» - 3 4 * 57 42 and N. N. W. is two 
= 11 3 3 177 + 45] 4 5 | Points from | the 
e, 32174: 15] 4 7 North. Again, fu 

is * Ho . 710 * | poſe a Ship fails 8 
it 4 = Þs X18 W. 2 S. that is, three 


| Points Depart Latitude Points' ae NE. 22 | 


| | two Points and a 
Quarter ; which being a Thing ſo commonly known, I 
mall not need to add any more Examples. 


Ie The Number of Points thus found, obſerve on which 
1 Side of the Table it is found; for if you find the Courſe 
i at the left Hand, then find the Denomination of Lati- 


tude and Departure at the Top: But if the Courſe be 
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on the right Hand, find the Denomination of Latitude Ma 
and Departure at the Bottom; for the left hand Co- 
Jumn contains all the Points under four Points, and 
the right hand Column contains all the reſt of the 
Points to 8. Now if the Courſe be found in the firſt 
Column, (viz. leſs than four Points) then the ſecond - / 
- Column is the given Number for Difference of Latitude, 
and the third Column is the given Numbers to find 
Departure: But if the Courſe be in the laſt Column, AZ 
(2:2. about four Points) then the third Column is the 
rom Numbers to find Difference of Latitude, and the 
econd is for the Departure, Cc. And the Uſe of the nn 
Fable being thus known for the firſt Caſe, the reſt is 
eaſily found by Conſequence, as we have hinted before, 
and ſhall make it evident and intelligible to the mean- 
eſt Capacity, by the following Examples. 
. Note, If you have a given Number, with a Cypher 
on the left hand, (as in 7 ;; and 7 2 Points ) although 
a Cypher adds nothing to the Product (being on the 
left hand) yet it cauſeth a Fi more to be cut off 
for the Decimal FraQtion ; and havkid cut off as many 
Figures towards the right hand as you multiply by, the 


reſt is the Latitude or Departure ſought, and thofe cut 


off are a Numerator of a Decimal Fraction to a Deno- 
minator conſiſting of as many Cyphers as you cut off 
Figures, with a 1 at the left hand : fo if you cut off 
97, it is 733, or if you cut off 342, it is 1222, and fo 
of the reſt. - 5555 
Note, When you have found the given Number in 
the Table, you need not always uſe all the 4 Figures, 
eſpecially, if the third or fourth be a ſmall Digit, as 1 
or 2, as ſuppoſe your given Number be 8315, here the 
third Figure being a 1, you may cut off the two laſt 
Figures, and uſe only 83, to work with. Again, if the 
third Figure be one of the higheſt Digits, as 8 or 9, you 
may cut off the two laſt, only add one to the ſecond Fi- 
| _ and fo work as before ; as ſuppo'e your Number 
2899, you may add 1 to the ſecond Figure, viz. 8, 
and then cut of the two laſt, and then your Number to 
work with will be 29; the Reaſon of all which is very 
evident to any that underſtand the Nature of Decimals 
| an 


r 


Reg.: Plain Sailing Arithmetical. 99 


nd will by a little Practice become eaſy to the meageſt 


0 | 4 

L 2 | . 27 N 

_ Plain Sailing. 

irſt 42 | 0} E : e N 

nd AS E I. Conſe and Diſlance given, to find the Diffe- 
de, rence of Latitude and Departure. | 

nd 

n, The Rule. 

he | £Þ 
he Multiply the Diſtance by the given Numbers for the 
ha Courſe, and from the Product cut off as many Figures 
is as you multiply by, and the reſt is Difference of Latitude 
e, bak Departure required. | | 


TY ueſtion. A Ship fails N. W. by N. x 2 Miles I] de- 
; We her Dif. of Latitude and Ae + 


h The given Number for Diff. Latitude being 8315, we 
e MS ſhall only uſe 83, and cut off the other two Figures (to- 
X# MW wards the right hand) and multiplying the Diſtance 123, 
by the given Number 83, and from the Product cut off 
e two Figures, (becaufe you. multiply by two Figures) 


vou have Difference of Latitude; but for Departure the 


E given Number is 5556, the third Figure being a 5, 
g we ſhall for more ExaQneſs uſe three Figures, viz. 555, 
| A and work as before: The Operation for Difference of 
Latitude and Departure will ſtand thus: | 
! For Diff. of Latitude. | For Departure. 
| „ 7: 8 
83 555 
369 615 
984 615 
— 615 
Io2'0g — 
681265 


Rias Selling PRs 4 Chap. 41 
| The-DiFerence of Latitude is 102 +22, ation Depareme bi 


Is 68 5225; but you need not regard the 
i a Fraction be conſiderably above half of one Mile. T1 3 
Minute, you may add 1 to the whole Number ; as bo 3 
poſe your fraction be 78, viz. T, you may add 1 to the 
F whole Number, and reject the Fraction, * 


Another Example i in Caſe I. 


A Ship ſails N. N. W. W. 165 Miles; I demand the 1 
Difference of Latitude and Departure. Y 


N. N. W. I W. is 2 2 Points. 


Ls 


'£ 


16 LE 168 2 | 
TD | 5 115 
1320 14 
145120 Diff. Lat. 145. 77165 


Dep. 77, or rather 78, becauſe the Fraction is 1483 


pay A PP 


CASE II. Courſe and Difference of Lelitude given, 1 : 
find Diftance and Departure, 


278 „„ % £LHLC 


For the 3 add as many C 7 to the Diffe: 
rence of Latitude as the Number of Figures you think 
to make uſe of in the given Number, and then divide 
it by the given Number, and the Quotient is the Diſtance; 
which being found, find the Departure as in Caſe I. 


Queſtion. A Ship fails S. W. by S. till her Diffe- 


rence of Latitude be 1743 1 demand the Diſtance and 
5 . 


1 ; = C | 


Jon — 


4.3 ö Sed. T3 Plain Sailing Arithmeti cal. 95 
15 The Courſe is 3 Points, the given Numbers 8315 and 
aq” Xa 
- PF the Diſtance. 
3830174000 209 Dif, © 209 
1 2800 3 
1003; 
Eres 
1045 


j 115995. 04 


For Departure. 


The Diſtance 209, and Departure 115, or rather 116, 
:becauſe the Fraction is ſo great, viz. above, 3; 1 


: CASE III. Courſe and Departure given, to find Di- 


ſtance and Difference of Latitude. 
| Tt £UEE 


Add fo many Cyphers to the Departure as you think 
to uſe Figures in the given Number; and then divide 
by the given Number anſwering to Departure, and the 
Quotient is the Diſtance, which being found, find the 
Difference of Latitude, as in Caſe 1. - 


Queſtion. A Ship ſails N. by E. 2 E. till her Depar- 
ture be 72; her Diſtance and Difference of Latitude is 
required. 1 TE 1 

See Example the ſecond, in Caſe III. of Plain Sail 


ing. 


{ 


„ * 
by 2 
. 


+ ©B 
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3 For Di. L.. 
337)72000( 213 24 
460 ſe > Mo 
1230 =, 
DT Rn 886 
my 192 
201|16 


The Diflance is 214, Cheing fo large « Fraction) and f 
the Difference of Latitude is 201. 3 


| c ASE IV. Diflance and Difference of Latitude grven, ; 
to find the Courſe and Departure. 


The RULE, 


Square the Diſtance (that is, multiply it by it ſelf) 
and likewiſe the Difference of Latitude, and ſubtract 
the leſſer Number from the greater, the ſquare Root 
of the Remainder is the Departure required, and then 
for the Courſe, add two or three Cyphers to the Dif- 
ference of Latitude, and divide that Sum by the Di- 
ſtance, the Quotient is the given Number for the Courſe, 
which being found in the Table, you have againſt it 
the Courſe required. Es : 
Vote, If you cannot find exactly the ſame Numbers 
(which ſeldom happens) find the neareſt to it, which is 
-— and finds the Courſe to the neareſt Quarter 

ont. | | 5 | 


Queſtion. A Ship ſails between the North and Faſt 100 
Miles; and then finds by Obſervation, that ſhe hath Wl 
rais'd the Pole 1 Degree, or 60 Min. or Miles; Idemand WW 
the Courſe and Departure = 


b 
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58 
4 


4 


; | Fur the Courſe. 3 For the Departure 


oF 
We. 
RSS 
"ET 
»,, | 


* .< 


* "Xn FE: 


_ 
— 


TJ 100)60000('545 100 60 Sq: of Diſt. 12100 


| 50 110 60 Sg. of D. Lat. 3600 
AF — 110 3600 Diff. of Sg. 8500 
4 5⁰ 110 —— 
1 * 8500092 
5 12100 81 
ad a 1820 400 
Jo4 
N 36 


W The Quotient 845 * in the Table, the neareſt 
given Number is 555, and againſt that, for the Courſe, 
ou have five Points, which is N. E. by E. becauſe the 


& Courſe is between North and Eaſt, and the Departure 
ot g 92, for you need not regard the Fraction in the 
en {Square Rook, it being but a ſmall Part of a Mile or Mi- 
if. ute in the Departure. | 

e WC ASE V. Diſance and Departure given, to find 
ut Cour ſe and Difference of Latitude. 5 
55 n RULE: | 


= Subtract tlie Square of the Departure from the Square 
f the Diſtance, the Square Root of the Remainder is the 


ifference of Latitude; and then find the Courſe as in 
20 (. ſe IV; only mind to find the Quotient in the De- 
h Parture Columa. | = 


Queſtion. A Ship ſails in the S. W. Quarter 124 Miles, 


her Departure 95; I demand the Courſe and Difference 
| H For 


L 


- ® 
_ 


r 


Ihe Courſe is S. W. : W. neareſt; for the neareſt give 


the Root exact enough in this Caſe; but if the Remair N 
der be leſs than the Root found, the Root is the near 
whole Number that anſwers the Queſtion, and you nee 


— 


. a 1 n.. n e 
" | ol * * 3's 7 
; 7 ds. „ 
- * 

/ « 
2 <5 

* 2 } # $4 47 — 8 — 4 * * ö 1 | 

9 « ay * 4 'D 2 = > 

k ain as 4 ö T © p. ; Y * bt P 
X CI fy i 0 
* R » s Rs 4 2 5. 8 
: Wt * 


the C © of 9 
For the Courſe. _ For the Diff, of Lat. "% 
- +. "6 * 3 > 1 


124.)g5000(765 124 95 Squareof Diſt, 153% 
82 124 95 Sq. of Diff. Lat. 90 
7%%/%/ = Dit. of Squares 630 

ns: 248 855 633169 MM 
029 24 ——_—— 2 


> 
_ <= 
<< 


— | 
15376 , 149)1451 
{ : 1961 


110 


Number to the Quotient 766 is 772, which is the Nun 
ber for four ; Points, or 8. W. 2 W.and the Difference q 
Latitude is 79, or rather 80, becauſe the Remainder d 


the ſquare Root is fo great: And here obſerve, for i 
Jones, Rule, that becauſe the lat Remainder in .. 


xtraction is a Numerator to twice the Root for a Del 
nominator ; therefore it the laſt Remainder be mori 
than the Root, add one to the Root, and that will U 


not regard the Fraction at all; Thus in the Example 
Ca ſe IV. the Root is 92, and the Remainder is but 30 
and therefore J keep 92 for the Departure, and rejei 

the Fraction. But. in the Example in Caſe V, the Ro 
is 79, and the. Remainder is more than the Root, vi: 
110 ; and therefore I add i to 79, and the Sum 80 is th: 
Difference of Latitude required, and fo in others. . 


* 9 
; 4 
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K 
is 
3 
2s 
2 8 
2 


_— 
83 ” 
= ” 
4 by oot O 


"5G , 0 » 
170 T . +7 * 1 08 { 
2 J 4.4 'S. - [3 O f 
20 1 * * 4 2 8 7 * 7 
2 5 — — 0 1 of ——————— F 


48400 11664 


br ne cu. 


245) 22000⁰0̊9 
2400 
1950 


* 


235 


ASE VE -Diferomane 
= ven, io find the Co 


For the Diſtance. 


Ihe Courſe is 2 Points and a 
Wi. the Diſtance 245 Miles. 

Although the Operation in this Caſe ſeems the moſt 
edious of all the reſt, becauſe we have aſſumed greater 
Numbers for the Data of the Queſtion, yet even in the 
eeateſt Number, this Way i 


4 


44.)200 
}. 176 


48502464 


2425 


— a 


39 


|» 2 


— 


Latitude and 
ur ſe and Diſtance. 


- The R UL E. 


2X8 Square. the Difference of Latitude, and alſo the De- 
arture, and add the two Squares together; the ſquare 
E | the Sum is the Diſtance required 

ie Courſe, as in Caſe TV, or Caſe V.' 


Y echten. A Ship fails in the N. W. Quar zarter, till her 
ifference of Latitude be 220, and 


3 he 
emand the Courſe and Diſtancte. 


r Departure 108; 1 
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eparture g- 


; and then find 


220 0 108 Square of Diff. Lat. 48400 - 
220 108 Square of Departure 11664 


64 Sum of the Squares 60064 
_ % 


94 


©: 


Quarter, or N. N. W. 


s much more expeditious 


than 


100 Mercator's Sailing Arithmetical. Chap. 4; s 
than working by a Canon, as a little FraQtice will make BW 


„ 
„ 


Mercator”s Sailing Arithmetical. 


7 HAT LI have writ of Plain Sailing is alſo of 
Uſe in Mercator's Sailing, ſo far as Courſe, Di- 
ſtance, Difference of Latitude, and Departure, are I erm 
either given or required; and the ſame Table of given 
Numbers is of equal Uſe in both ; and as for the Diffe. 
rence of Longitude, it bears the ſame Proportion to the 
Departure, that the meridional Difference of Latitude 
bears to the true Difference of Latitude, by Euclide, Lib. 
6. Frop. 4. and indeed by the Help of a Table of meridio- 
nal Parts, the whole Practice T Plain Sailing, as per- 
formed by given Numbers, may be reduced to Mercator, 
by Euclide, Lib. 6. I 4. For being both projected by 
a plain Triangle, and the Courſe, whether given orf 
required, being the fame in both, there muſt needs be 
the ſame Proportion between the enlarged Difſtatice, and 
the true Diſtance, (being ſuppoſed to de the Hypotenu· 
ſes of z equiangular Triangles) or between the Difference 
of Longitude and Departure, (the Perpendiculars of the 
ſaid 2 equiangular Triangles) as there is between the 
meridional Difference of Latitude, and the proper Diffe-. 
rence of Latitude (being the Baſes of the ſaid 2 Tri- 
angles) and upon theſe Propoſitions the whole Fabrick 
of Mercator's Sailing is grounded; the exact Truth of 
which is prov'd not only by the Demonſtratiori of Euclide, | 
in the Propoſitions above-named ; but alſo by comparing 
the Queſtions thereby performed to thoſe in the fir 
Part, performed by a Canon, in which I ſhall, for the 
Readers Satisfaction, refer to the ſaid Queſtions, as in 
the following Examples. I 


Di 


CASE 


* * 3 * * a 
+. 
OE l 9 
by TS . 
N 


* GE: 
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CASE I. One Latitude, Courſe and Diflance gives, 
nis find the other Latitude, Departure, and Difference 0 
4 De R UL E. 


1 Find Difference of Latitude and Departure, as in 
C.ſe I, of Plain Sailing Arithmetical ; and then for Dif- 


of ference of Longitude, the Proportion is, As proper 
i- Difference of Latitude to meridional Difference of EE 
wn Wtitude, ſo Departnre to Difference of Longitude, 
N = Ouwftion. A Ship in Lat. 50d oom North, fails N. 
| 05 W. by N. 987 Miles; I demand the Latitude come to, 
F ; together with hex Departure, and Difference of Longi- 
10 tude. . ; #3 
„ Fer Diff. of Latitude, For Departure; 
"i 987 887 
de! — - „ | 
"I 296x a 
0 N 4235 

a = ; 9 
. 819121 ni 
3 5471085 
th = Diff. Lat. 819 or rather 820 D arture 548, merid. 
2 Diff. Lat 15 19, then for Diff. ra py | 5 
„ 820 to 1519, ſo 548 to Diff. of Longitude. 
d 
0h 1519 82008324120 101 
548 5 N 
of 4212 
1 12152 —— 

6076 112 

7395 | 
5E 832412 

CASE 
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CAS E II. Bcth — and Coarſe given] 10 fad ul 3 
Diſtauce and Peparture, and Difference of Longrtad 


The RULE. 


Find the Diſtance and Departure, as in Caſe the 7 
cond of Hain Sailing Arithmetical, and then find the 
Difference of 9857 e, as in the firſt Caſe of Mercator 
„ | | 


4 
% 


Lv 
S 
. 3 


FS 
2 
0 
« 
1 
* 
= 
i: 5 


Cueſtion. A Ship fails from a Port in Latituid 
56d 25 m North, and fails away N. N. E. ſeveral Day 
and Ka gods herſelf by Obſervation in Latitude 9 


30% North; I demand how far he hath ſail d, n * 
5s his Difference of Longitude. Di 
For the Diſtance. For the Deer ture, 
— 2 . Wa 
924/725000\ 784 785 # 
=: 78 20 | 383 5 DI 
4280 2 2 
— _ _ 
584 De 
3 3 
e 30065 


As 725 to 1553, ſo 300 to Diff. Longitude. 
1 N 659 


477990 670 


Wo 0 


The Diflance is 784 52, or rather 785, ets 
30, and the Difference of Longitude 659 5; a Or 660, 


5 Cas 


«,, 


© | 
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ect. 2. Mercetor's Sailing Arithmetital, 103 
7 7 8 
„ As E II. One Latitude, Courſe, and Difference of 
. 88 Lrngitude given, to find the other Latitude, Diſtance and 
\ 4 | Departure. | 


_—= wy | 
1 The RULE. | 6 


Add ſo many Cyphers to the Difference of Longitude 
vou intend to uſe Figures in the given Number to di- 
Y ice by, and work as in Caſe III, of Plain Sailing Arith- 
ctical; only obſerve, t hat whereas the Quotient there 
the true Diſtance, becauſe you work by Departure, 
ere the Quotient is the enlarged Diſtance of the whole 
Wy potenuſe, contained between the . the Courſe, 
Ind the Top of the longeſt Perpendicular, repreſentin 
ee Difference of Longitude ; and then the enlarge 
WDiftance being found from the Square of 7 enlatged 


Diſtance, ſubtract the Square of the Differen of Longi- 
ade, the fquare Root of the Remaindet is the meridio- 
a! Difference of Latitude, which being found, and one 
Watitude given, the other Latitude is eaſily found : Then 
r Departure, it is only the former Proportion inverted, 
2. As meridional Difference of Latitude to proper 
WDifference of Latitude, ſo Difference of Longitude to 
WOeparture, | | 


Queſtion. A Ship in Lat. 354 oom North, ſails N. 
V. half W. till her Diff. of Longitude be x Deg. or 60 
Min. I demand the Diſtance, — and Latitude 
gome to. WEIS 


For the enlarged Diftance. | 
"YN 7 )6000C 127 27 Squ. of the enlarg d Diſtance | 16295 


* Square of Diff. of Longitude 3600 
300 Ces =; ; CY. 72 OI 
= Difference of the Squares 12685 
0. . g 


H 4 12685 


* 9 * * * —_ 
= I © « 
84 ; * x 
EY 
» PR: 
2 


A 


_w ww_m 
E 4 = 7 4 
. _ 
= y 


12685( 112 
1 


1 210026 
1 21 | 


| | 441 


Merid. Parts of Lat. fail'd from $5 d C0. 3968 
Merid. Diff. Lat. add — — 


Sr 


Merid. Parts of Lat. come to — 56 04 4081 


As Merid. Diff. Lat. 113 to proper Diff. Lat. 64, foi I 
the enlarged Diſt. 128 to the true Diſt. 721. 
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For the Departure. 


As Mar, Diff. Lat. 113 to proper Diff. Lat. 64, i 
Piff. Longitude 60 to Departure, | "i 


64 11303840033 Dep, 33, or rather 34 
60 - 4.50 5 | 


+ « 
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* 1 
in 
RE 
ow) 
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. 4 
4 ASE IV. Both Latitudes and Diſtance 2 10 find 
ne Courſe, Departure and Difference of Longitude. 


* 


Te RULE. 


9 Find the Courſe and Departure, as in Caſe IV, of 
in Sailing Arithmetical, and then find Difference of 
ongitude, as, in Caſe I, of Mercator t Sailing Arithme- 

i. 

Queſtion, A Ship in Lat 35 d o North, ſails be- 


3 ween the North and Faſt 86 Miles. and then is by 
BSObſcrvation in Lat. 56d 10m MY demand as above, 


See the ſame Queſtion in Mercator's Sailing, Caſe V. 


Fe the Departure. 


« — 


86 Sq. of Diſt. 7296 2496049 
86 70 Sq. of Dep. 4999 16 
— O — — 
516 A Diff. of Sqs. 2496 89.)896 
688 4900 801 
7396 97 
For the Cour ſe. For Difference of Longitude. 


86.)7Jooco(813 As 70 to 124, ſo 50 to Diff. Long. 
120 | 50 79.)6200(88 5 
82 | | 40 


The Departure | t 2 rſe N. E. 2 N, the Diff. of 
Longitu de 88 2, 50% he Courſe E 1 N. : 


SHR CASE 


2 Ms Mercator s Sailing Arithmetical Chap. Y | 


CASE V. Both Latitudes and Departure given, 10 4 
the Courſe, Diſtance and Difference of Longuude. 


Tie R UL E. 


Ih Find the Courſe and Diſtance, as in Caſe VI of Pull 1 
| Sailing Arithmetical ; and Difference of Longitude, as 1 
the firſt Caſe of Mercator s Sailing Arithmetical. 2 


Queſtion. A Ship in Lat. 55d com North ſails bel 1 
tween the North ind Eaſt into Lat. 56 d to w North, hall 
. 50 Miles; I demand the, Courſe, Diſlancli .C 

Difference of Longitude 3 


E 
For the Diſtance. 4 e 
g 70 50 Sq. of Diff. Lat. 4900 74000 86 jro 
8 2 Square of Dep. — . 
4500 2500 Sum of Squares 7400 1660 100⁰ 
996 
For the Courſe. Por Diff. of Long. 
oy ors As = to 124, ſo 50 to Dif. 90 Long 
50 
pe > — 062000 88 
— 6200 N =_ 
| 82 | i | 5 
\ 40 
The Courſe is N. E.: N. the Diſtance 86; ; the Diff 
rence Of Longitude 88 2, or rather 89. y 
CASE 
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ASE VI. Bath Latitudes and Diff. of Longitude gi- 
ven, 10 find Courſe, Diflance and Departure. 


The RULE. 


= Square the Difference of Longitude, and alſo Meridio- 
nal Difference of Latitude, the ſquare Root of the Sum 
Sf theſe two Squares is the enlarged Diftance : Then, 
Merid. Diff. of Latitude to proper Diff. of Latitude 
de enlarged Diſtance to the true Diſtance: And 
en find the Courſe as in Hain Sailing Arithmetical, 
e. | | 


= Oufion. Suppoſe two Places, one in Lat. 56 d 15m» 
Y — the other in Lat. 58 d 35 m, their Diff. of Long. 
4 30 », or 150 Min. I demand the Courſe and Diſtance 
om the Southermoſt to the Northermoſt. 


For the Diſtance 


150 | 260 

6 260 
= _ - 
15 52 


22800 67600 


2 . 
89 © £# 


Sq, of Mer. Diff. of Lat. 69600. 1000 300 
Squ. of Diff. of Long. 22580 2 ? 


Sum of the Squares 90100 600001 
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As 260 to 140, ſo 300 to the Diſtance, 8 
300 260)42000(161 Por the Courſe. 5 

— 160 16 101400000869 
—_— _ 1542 


| OgL 
The Diſtance 161. The Courſe N. N. W. i W. 25 
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CASE VII. One Latitude, Courſe and Dep ae oj 4 
ven, 10 find the other Latitude, Diſtance and DifferenM 
of Longitude. 1 : "i 


| The R UL E. 


Find the Diſtance by Caſe III, of Plain Sailing Ari. 
wetical, and Difference of Latitude as in Caſe V, of the 
ſame ; and Difference of Longitude as in all the other 
Cafes hereof. ä 3 


Oneftion. A Ship in Lat. $84 oo North, ſails 5.5 4 
* 1 W. till her Departure be 60 Miles; I demand «MW 
ve. mn 2 


: ka. t 


For the Diſtance. For Diff. of Lat. 


47. )6000( 127 127 
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. 

1 

1 

5 

1 

1 \ ASA) 
Vs 
Fs 
7 2 


4 Square of Diſtance — 16129. | 125290111 


' 8 Squ. of Departure — 3600 1 
Diff. of the Squares 12529 210025 
| nn 2 
þ 221) 429 
2 221 
2 208 


For the Difference of Longitude. 


=: | 
As“ proper Diff. of Lat. 112, to Merid. Diff. of Lat. 206, 
1 ſo Departure 60 to Diff. of Long. 
14 206 11202360116 
zer 60 116 | 
99 I 2360 | ANNE 


The Difference of Latitude 112 Min. or 1d 52m, 
which ſubtracted from the Latitude ſail'd from, becauſe 
the Courſe is Southerly, the Remainder is the Latitude 
come to, 56d 8 n; the Diſtance 127; the Diff. of Lon- 
gitude 110. : 


CASE VIII. One Latitude, Diſtance and Departure 
given, 10 find the other Latitude, Courſe and Difference 
of Longitude, 


The RULE, 
Find the Courſe and Difference of Latitude as in Caſe 


V, of Plain Sailing Arithmetical ; then find the Diffe- 
rence of Longitude as before, 
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Queſtion. A Ship in Lat. 58d o North, fails 3 
tween the South and Well 7 27 Miles, her Departure 4 I 
I demand the reſt. 2 


For Difference of Lorin. 


127 Sg. of Diſt. 16129 1252 11 
127 0 Sq- of Dep. 3600 600 5 90 | 1 


889 — = Diff 0 210025 
254 3600 9 
127 | 1 


—  — — 


_— TI 


For the Cour ſe. For Difference of Longitude. 
127)60000(472 As 112 to 206, ſo 60 to Diff. Lond 3 
» 929 60 1120123600 1 if I 
310 116 
56 40 
The Courſe 5. S. W. 2 W. the Lat. come to 36 d 48 0 
and Diff. of Long. 110. 
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Parallel Sailing Arithmetical. 


* 


0D Ffore I proceed 't6 the Solution of the ſeyeral Caſes 
= of Parallel Sailing, Tihall inſert a Table of given 
aoabers, which is equally uſeful in Farallel and Mid- 
Latitude Cailing; for by thoſe Numbers the Depar- 
ee in Middle Latitude Sailing (which is the Diſtance 
2 Parallel, or Eaſt and eſt Courſe) is reduced to 
fference of Longitude without any Logarithms, Sines 
Tangents, only by one Operation in Diviſion, the 
e of which Table in Parallel Sailing is thus: 
= When you have the Diſtance in the Parallel given, add 
many Cyphers to the Diſtance as you intend to uſe 
aores in the given Number, and then divide the one 
the other, and the Quotient is the Difference of 
ngitude: But if Difference of Longitude, and the 
titude is given, multiply the Difference of Longitude 
the given Number belonging to that Latitude, and 
gon. the Product cut off as many Figures as you multi- 
by, and the reſt is the Diſtance; and conſequently 
= Diſtance and Difference of Longitude be given, and 
Watitude required, add two, three, or four Cyphers to 
e Diſtance, and divide that Sum by the Difference of 
ongitude, rhe Quotient found in the Table is the gi- 
en Nun umber, anſwering to the Latitude required, Cc. 


„%% , ARS 3 enen „ 2 5 
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4 143 L B of given Numbers for Parallel and Mii. 4 

dle Latitude; the given No. for Lat. ood oo m being = + 
10000. | 


1 


7-T NG: | Dif. [Lar. | Ne; Di. | Let TN; IB 
19998 |...z2| 318572 88 14848 |. 15 
2049924]. 4J 3218480 |- +911 .. 62 1495 ii 
41A | 
$ 
\ 


449976]. 10] 3489]. 96 } .64 14384 |. 150888 
39962 [. 14 3587919] 65.4226 |. 15088 


69946 17 368%. 10 66 406% 1% 
1 719925 . . 20 37 [7986 | -104 | 673907 | « 10 
3 9 90 . . 21  3817880|.106 | 6813746 |. 16188 
1 - 

10 


9877-26 39777110 69 3584 |. 10 
29 40 7660 [. 111] 703420 - 16; 


124982632 43 [7547 113] 72 [3256 |. % 
12 [978r [..35 | 42 [7431 [+116 | 72 | 3099 |. 1088 
4 13 [9744 [--38]. 43 [7313 .118] 73 [2924 |. 160888 
149103 41 | 44|7193]-120 | 74 27 56 | · 10 
159659. 44] 4517071 [122 | 75 | 588 |. 1 
| 3 . 47 146 |<946 |-124 | 76 {2419 |- 1988 

179563. 30 : 47 16820 [.126| 77 12249 217% 

| #8 |951r 52 48669 1 |-129| 78 (207g |- 1788 
{ 19]9455 |--56 | 4915560 |. 131} 79 [1908 |. "i | 
z0 [9397 |--59] 50 5 133] 80 1736. 1 '2 


— 

Q 

— 
4. 


2r 9334.63] 5116293 [-135 81 504; 5 hv 
} 22 [9272 [..65} 5216157 [-137 | Bz | 1392 |. 177 
1 23 9205. 67 $3 [6018 |.139 | 83 [rz | . 17. 
24 [9135|-.70| $4}5878].14T | B84 | 1045 |- 174 
25 | 9063 | ++ 72 5515725 14 85 [0871 - 174 


—: p 


26 8988. 7 6/5582 . 44 860697 7 f 


27 {89010 . 78 5715446146 8705131. 174 
28188291. 81 5815299 J. 147 8810349. 174 
149 8910174 |- 17518 

« 174] 3 
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The 


5. ;. Pæalel Sailing Arithmetical;, 115 
The Uſe of this Table of given Numbers for Parallel 
1 Middle Latitude Sailing, is partly laid down in the 

e preceding the Table, and ſhall be further exem- 
fied in the ſeveral Caſes of Fætellel and Middle Lati- 
beiin, and the fame Cautions are to be obſerved 
ie Uſe of this; that was to be obſerved in the firſt Table 
Given Numbers, viz. that for Plain . cal; 
8 if the third Figure of the Given Number be 'a Cy- 
39 er, or. L ot 2, you need uſe but two Figures, (unleſs 


ur Queſtion be propoſed in very great Numbers; ) or 
he third Figure be 8 or 9, you may add 1 to the ſe- 
Figure, and ſo proceed in your Work: Bat in this 
ble, as allo in that of Plain Sailing, if your Queſtion 
propounded in Numbers conſiſting of three or four 
Wares, it is beſt to uſe at leaſt as many Figures of the 
een Number, as there is in the Data, or Given Term 
our Queſtion, as we ſhall make evident by the ſac- 
ing Examples. 
have ſer down the given Numbers, only to whole 
cnrees of Latitude; the Numbers to the intermediate 
nuutes being cafily found, by proportioning the Diffe- 
es ſet down in the third, ſixth, and ninth Columns 
che Table, the Uſe of which is this: Suppoſe in a Pa- 
el Courſe, the Latitude of the Parallel (or in a Mid- 
L.itude Queſtion, the Middle Latitude) be 62 De- 
es, and I deſire to find in the Table the Given Num- 
co that Latitude; I look in the Table under [Lat.] 
find 62, and againſt it, under [ Mum. ] you find 4695, 
Siren Number required: But if you would find the 
en Number for 8 I look for the Num · 
r for Lat. 60, and fin 2 and it being a Latitude 
een 59 and 60, I loo \ ou 60, under [ Diff. } for 
Difference, (for the Difference between the given 
Wumbers for both Latitudes is always againſt the greater 
Wt itude) and the Difference is 150, therefore I take 
lf of 150, becauſe 30 Minutes is half a Degree; and 
d it to the given Number for 60 Degrees, iz. 5000, 
e Sum 5075 is the Given Number for the Lat. 59 


„, which was required to be known. 


11 MN Parallel Sailing Arithmetical., Chaps, 


* Neto, the Given — for Lat. oo d, oon is 10005, ſl © 
and from thence, as the Latitude enareaſes, the Nun. IM - 
— decreaſe, ſo that che Number for Lat. 90 is O00; I. 
hence 08 greater the Latitude is, the leſſer is the of 
Given Number; therefore ohſerve always when you an 
would find the Number to any, Latitude conſiſting of cu 
2s — and Minutes, take the Given Number to the off 
er Latitude, and a that add the proportional pan V! 
ee Difference found againſt the bigger Latitude, the Wi N 
— is the 3 ben Regen, ne: +9) Gr an 
Make it Mt 6 Vt bs 2 
- Soppole I: deſitæ to ind che e ie for Lat C 
40m, 883 for 46 (the bigger Latitude) i | 
27 ow pry *** 24:5" OO jo 
{Near A to the Number che dan 6 
5 the Number 'T equired: : ti 21 31543 —— ann! 1 
17 if you wane che Giren Number to any odd Mi 
nutes, which is not an even Part of a Degree; as hall 
or. Third, Cc, you why, Kind it by Reagorcian. if you 
would he very exad, or if ypun Queſtion: be-given it 
great Numbers, and the Wenn is, Aa 60 Min. i 
the whole, Difference; ſo the Mingtes,, which the giv 
Latitude wants of the bigger Latitude, to the Numa 
= gh added to Winden Number o the bigger Lat 
tude 24 
L dedre, to know: hx Given amber 1 1 455 aa 24m 
Ih > paya 43 d, 24m wants 36 Min. 
as, 60. to the Difference 120, ſo —＋ — 725 
whach: added. to 7493, the: Given Number for. the big 
ger Latitude, the dam 7265 Is the Number for *. 31 
247 xequired.- . ” N * 
ole, If vou uſe all the Fav) Einuaes of the Give 
Number, the Difference is ast is expreſs:dimthe Table 
but if you cut off one Figure: or two, ci from the 
Gives Number to the right Hand, yon muſt alſo cut 
eff ag mady from the Difference, and the Remainder 
is the Difference ; only if the lall Figure of the Diff 
xepce he 8 or 9, you may add one to the; third; Figure, 
as In other Caſes before · mentioned; the Reaſon is evi 
dent to them that TY Decimals. 


Exanflt 


Sect. 3. Parallel Sailing Arithmetical. 1 15 
| Example. I defire to know the Given Number for 
Lat. 694 459. I cut off one Figure to the right hand 
of each collateral Number, ig. Lat 69, A 7 
and then the Numbers are 358 and 342; and ey 
cut off 2 Flguse from the Number, I muſt alfo eut one 
off from the Difference, and then the Difference is 16, 
which uſed according to the foregoing Rules, the Given 
Number for Lat. 694 45m, will be found to be 346, 
and ſo in others. Ph 
CASE I. Two Ships or Places in one Parallel, their 
Latitude and Diftance given, to find their Difference of 
Longitude, 1 1 


SAB AKN 


The RULE. 


Add ſo many Cyphers to the Diſtance as you think to 
Suſe Figures in the Given Number, and divide by the 
i {Given Number for the Latirude of the Parallel, the 
Quotient is the Difference of Longitude. 


Queſtion. Two Ships in Lat. of = d 09m, diſtant 
u. Miles; demand their Difference of Longitude. © 

| The Given Number for Lat. 50 is 6428, but if I cut 
df one Figure to the right hand, it will be 642 ; but 
decauſe the laſt Figure, vis; that to the right hand, 
which J cut off, is 8, I add one to the third, and 
hen it will be 643; and becauſe I uſe three Fi- 
res of the Given Number, I add three Cyphers to 
Whe Diſtance, and then divide one by the other, ac- 
1 7 to the aforeſaid Rule, and the Work will ſtand 
idle thus . | | 


1 343 )76000( 118 The Diff. of Long. 118 M. or 1d 58 m. 


ice 1170 
iſit 5270 
ure, 

126 


JJ 


A "9 44 * 
1 , 
1 9 
- 
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Or if I cut off two Figures, the reſt to work with will 
be 64, and then I add but two Cyphers to the Diſtana ih 


(becauſe I uſe but two Figures of the given Number) 
and the Work ſtands thus: "i 


64)7600(118 The ſame with the foregoing Oy-iM 


I20 nation. 
560 A 
| ride 
48 s th 
CAS E IL. Tro Places in one Parallel, the Latitude ay 85 Ind; 
Difference of Longitude given, to find their Diſtance. an 
The RULE. 

| This is only the former Caſe inverted; for haviy 

fourid the Given Number for the Latitude, multi 

the Difference of Longitude by it, and from the Fu 
duct cut off as many Figures as you multiply by, and tv B 


reſt is the Diſtance requir'd; and thoſe cut off ar; 


Decimal. FraQtion to be underſtood as in the Rules H y. 
down at the Beginning of Plain Sailing Arithmetical. r tl 
TINT | 5 be ou 
Queſtion. Iwo Places in Lat. 50, their Difference if tl 
Longitude 118; I demand their Diſtance. 
. A 
643 " 
118 | | m 
5144 The Diſtance 75 12755 or rather 706. 
43 | a 
OR 
* Diſt 
ond 


. CASl 


: sec. 3. Parallel Sailing Arithmetical. 1 17 
0 ; AS E 5 HI. Two Places, their Diſtance and Difference 


= of Longitude given, to find the Latitude they are in. 
The RULE. 


Add three or four Cyphers to the Diſtance, and dis 
ide that Sum, by the Diff. of Longitude, the Quotient 
2 s the given Number for the Latitude required, 

= Ouftion. A Ship fails due Weſt 2700 Miles, and then 
ads her Difference of Longitude to be 4200 Min. I de- 
7 nand what Latitude the Ship is in. 


42000 27000 642 
180 | 
I 2000 
Wo — 
f F 3600 
ws By adding three Cyphers to the Diſtance, and wor- 
ei ing as before directed, you find the Quotient 642; or 


Fou add four Cyphers, it will bring out four — 2 
n the Quotient, iz. 6428, which found in the Table, 
ou find it againſt Latitude 50, which 1s the Latitude 
f the Parallel required. | | 


ASE IV. Two Ships ſailing directly North or South, 
their Diſtance in one Parallel given, to find their Diſtauce 
in the other Parallel. V 


The RULE. 


Find the given Numbers for each Latitude, and ſay 
dy the Rule of Three: As the Given Number for the 
ſt Lat. to the given Number for the ſecond: Lat, ſo the 
Diſtance in the firſt Latitude to the Diſtance in the ſe- 
ond Latitude. | 


N. 


in 3 : Que- 


$18 Buralel Sailing Arithmetical, Chap. g 


Queſtion. Su poſe two Ships in Lat. 50, diſtant 200 
| Mie fl both. ir | 1175 

demand their Diſtance in that Parallel. 

" Here we ſhall uſe but the two firſt Figures of the Gi. 
ven Numbers, becauſe the third Figure in each Num- 
ber is but ſmall, viz. 2: And then, by the foregoing 


Rule, ' 


A 29, ſo 2000 to the Diſtance in Lat. 73, 


29 64. )5800("g0 
200 — 
8 1 
5800 


Their Diſtance in Lat. 73, is 9042, or (if you vil 
I Miles. —ͤ— | 


ASE V. Two Ships in one Parallel with their Diftanc 
in that Parallel given, and Jailing both directly North y 
South, with their Diſtance in the Farallel ſail'd to, given 
| : N ? N 

to find the Latitude come to. | 8 


The © UL E, 
This is only the former Proportion (in Caſe IV.) 


inverted, viz. As Diſtance in one Latitude to the 
Diſtance in the other Latitude, ſo the Given Number 


for one Latitude to the Given Number for the other Li 


titude, 


Oueftion. Two Ships in Lat. 50, diftant 200 Miles, 
fail both directly North, till they are but 91 Miles di- 
Rant; I demand the Latitudecome to. 5 | 

As 200 to 91, ſo 64 to the Given Number for the L- 


titude come to. 


directly North into Lat. 734 o 


\ 4 > 6s 25 nite © © Lam 


ve 


r 
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” ©; 08, _ 2008824029 

G were ent at IG 3 

u © * E 1 46 5 a my | 

ng 124 8 * 3+ | FORE 24 3 
5824 


Ihe Quotient 29 is the two firſt Figures of the Gi- 


yen Number for the Lat. come to, viz. at. 73d 00m. 


— 
8 Ex IK 
Middle Latitude Sailing Ari thmetical. 


7 pl working the ſeveral Caſes and Queſtions of Middle 
45 Latitude Sailing, we ſhall have Oecaſion to make Uſe + 

* of both the Tables of Given Numbers; for in all Caſes 

or Varieties, where the Courſe, Diftance, nf tang of 

Latitude, and Departure, are Terms, either Given or 

| Required, the Operation is performed by the firſt Table, 

N as in Plain Sailing; but when Difference of Longitude is 

* 2 Term in the Queſtion, (whether Given or Required) 

i the ſecond Table is of Uſe, as will appear by the follow- 

y ing Examples. : : | 


CASE I. One Latitude; Courſe and Diftunce given, 
| 10 find the other Latitude, Departure, and Difference 0 
fs, WW Longitude. 


The RULE. 


By Courſe and Diſtance find Difference of Latitude 
and Departure, (and confequently the other Latigude, 
winCaſe I, of Plain Sailing. Arithmetical ; and then for 
. the Difference of Las it is found by the ſecond 
1 S . I 4 . . Table, 


120 Middle Lat. Sailing Arithmetical. Ch. 9 
Table thus: Find the Given Number for the M1411 
Latitude, of which you may uſe two, three, or four Fi. 
gures, according to the Rules laid down at the Be inning 
of Plain Sailing, and alſo at the Beginning of Parally 
Sailing Arithmencal ; then to the Departure add ſo man 
Cyphers to the Right-hand, as you intend to uſe Fj. 
ures in the Given Number ; that Sum divided by the 
Given Number, the Quotient is the Longitude requires 


Queſtion. A Ship in Lat. 50d oo North, fails N. 
W. by N. 987 Miles; I demand the Latitude come to, 


with Departure, and Difference of Longitude. 


For the Difference of Latitude and Departure by tit 
firſt Caſe of Fain Sailing Arithmetical. 


Diff. of Latitude, For Departure. 
987 987 
83 356 
* 2961 59 22 
7896 4935 
4935 
8191 — 
5481772 


* 


Although the three firſt Figures of the Given Num- 

ber to find the Departure for that Courſe be 555, yet the 

laſt Figure being 6, I cut it off, and add one to the 

third Figure, and cut it 556, as in the Operation 2. 

bove, and ſo the Difference of Latitude js 819, or rather 

oo, and the Departure 549, allowing one for the 
raction. | | 


Then For the Difference of Longitude: 


The Diff. of Latitude being 820 Min. or 13d 40, 
ehe Latitude come to is 63d 40, and conſequently the 


Middle Latitude is 56 d 50m, the Given Number for that 
# = Latitude 


gelt: 4. Middle Lat. Sailing Arithmetical. 121 


) 

2 W Latitude (found by the Rules laid down in the Begin- 
fi ning of Farallel Sailing) is 3470; but the laſt Figure 
no being a Cypher, I cut it off, and work with the zeſt, 
eas in the Rule ab 


ove, and the Operation ſtands thus: 


ny 1 ͤ 4cP nd | 

Fi 9000(1003 The Difference of Longitude is 

the "- 2000 ; 1003 Min. or 16d 43 * Weſt. 

ed. — 8 | | 
359 

N. ; 

ahh c AS E II. Both Latitudes and Courſe given, to find the 


Departure, and Difference of Longitude, 


— 


the The RULE. 


Find the Diſtance and Departure, as in Caſe the ſe- 
cond of Plain Sailing Arithmetical, and then find the 
Difference of Longitude, as in the firſt Caſe of Middle 
Latitude Sailing Arithmetical. | 
Note, In Middle Latitude Sailing Arithmetical, this 
Way of finding the Longitude anſwers in all the Caſes 
thereof, and therefore I thall not need to mention ir in 
the reſt of the Caſes. | 
ueflion. A Ship takes her Departure from a Port 
Jin Latitude 56d —_ North, and fails N. N. E. till 
ſhe finds herſelf to be by Obſervation in Latitude 68 4. 
om North; I demand the Diſtance ſail'd, with her 
eparture, and Difference of Longitude. 2 


$ The Difference of Latitude is 12 d 052, or 725 M; 4 
he For the Diſtance. For the D eparnre. 
7820 385 
4280 a 
2355 
5 384 6280 
< 2355 
hat 
5 Per 


The 


p k (OL a” > 3 as 
* 
. — r 
n e 


C ASE UI. Both Latitudes and Difaxce u, 10 fin ; | 
af, 102 | 


* 2 * N 5 
* T1 LE * Y 85 2 
* * 


122 Bhidale Lat. Ballin tie. 0 Sc 


This Middle Latitude, 624 ITS an 
The Ar. Number for 624 28 1 is te 


Then for Difference of Longitude, 


* a an” 


rt io: | 7955 
R 462)301000(651 | 
m_ : 
— | ; 
by 


The Pit. 785 ;_ che Departure 3or ; th = 
Longitude 657 0 : Min. or 10d 51 al. + a. ; 


the Courſe, Departure, and Ae, 0 Ae. = 
The RULE. : Di 
Find 12 Courſe and ——— as in n Caſe IV, ol br 
ein Sailing Arithmetical, and the erence of Lo: : 
rude, as in other Caſes hereof. * 2 3 
Oueßion. A Ship in Lat. $5 d 00 fails elit th | 
Nor th and. Eaſt 86 Miles, - then finds herſelf by Oh N 
ſervation in Lat 56d 10m; her Courſe, Departure, and a 
ference of Longitude, is required. bY 
. the Departure by the ſquare Root, * 
86 70 Square of the Diſtance 7396 
86 70 Square of the Departure 4990 
as 490 Diff. of the Squares 2496 bs 
1 


2499 


geit . Middle Las Sailing Arithmetical, x 23 


2 960 The Departure 50 neareſt becanſs.the 
oy #2 Fraction is more. than the Root by 


— .. the general Rule in Caſe. V, of Hain 
89.)896 Sailing Arithmetical. „ 
ir eee 
« 95 
For the Difference of Long. For the Courſe, 
hs Midd. Lat. is 55d 359. ®  86)70000(813 
WW The Given Numb. $652. Yo 
oy 555150000088. | 300 
# 4800 
. 280 
I 4 a 


= The Departure 503 the Courſe N. E. 3 N. and the 
Difference of Longitude 88 fere. 


WC ASE IV. Bath Latitudes and Departere given, is find 
"ys 7b: Cour ſe, Liſtance and Difference of Longitude. 


| 1.6: he IEEE 1 
U Find the Courſe and Diſtance by Caſe VI, of Hain 
* Sailing Arithmetical; and Long. as in the other Caſes. 


f Lueftion, A Ship in Lat. 584 oo m North, ſails be- 
"tween the North and Eaſt into Lat. 56 d 10». North, 
her Departure 50 Min. or Miles, the Courſe, Diſtance, 


and Difference of Longitude are required. 
The Difference of Latitude is 70 Miles. 


| For the Diſtance by the ſquare Root, 


70 50 $Sq- 8 of Diff. Lat. 4956 7405(86 | 
79 50 Square of Dep. 25909 64 


oO U— 


4900 2590 Sum of Squares 7400 166 1000 : 
1 1 _ 
, 1 
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1 For the Cour ſe. | Por the Dif. of Long. 
86 Yoeoo(81r3 The Mid. Lat. 55 4 38 1. 
120 N Ihe Given Num. 5652. 
340 | 
ates 565050000 88 
82 4800 
SO 280 


The Diffance 86; the Courſe N. E. N. the Diff. « 


Longitude $8 ; Min. or 1d 28» Eaſt. 


C AS E V. Both Latitudes and Diff. of Longitude given, 


to find Courſe, Diſtance and Departure. 
The RULE. 


Departure is given; for if the Departure, with Cypher 


Added to the right hand, and divided by the Given a 


Number, for the Middle Latitude, produce the Diffe- 
renee of Longitude; then the Difference of Longitude, 
multiplied by the Given Number for the Middle Lati- 
tude, muſt needs produce the Departure, with Figures 
to be cut off; becauſe any Quotient multiplied by the 
Diviſor produceth the Dividend ; therefore, to find the 
Departure in this Caſe, multiply the Difference of Lon. 
gitude by the Given Number for the Middle Latitude, 
and from the Product cut off as many Figures to the 
right hand as you multiply by, and the reſt is the De- 


parture ; thus having Difference of Latitude and Depar- | 


ture, find the Courſe and Diſtance, as in Caſe VI. of 
Plain Sailing Arithmclical. | 9 i 


Cuefiion, 


In all Caſes where the Difference of Longitude js gi- : 
ven, and Departure required, the Operation is but the 
Inverſe of that for finding Difference of Longitude when i 


geck. 4. Middle Lat. Sailing Arithmetical, 125 
Oueſtian. I demand the Courſe, Diſtance and Depar- 
ture, between two Places, one in Lat. 56 d 15. N. the 
other in Lat. 584 38 1 N. their Difference of Longi- 
gitude 150 Min. or 2d 30 m. 8 5 


For the Departures AD 


The Middle Latitude being $74 25 m, and the Given 
Number 5384, | | 
6 7 2 8004+" 

150 


269200 
5384 
8007600 
For the Courſe. For the Diſtance by the Square Root. 


1120 140 81 Sq. of Dep. 6561 
„1640 „ es gs 
— 5600 81 Sum of Sq. 26161 
2.91 140 . 8 4 
— 261610161 
19600 6561 I _ 
260161 
155 
32190661 
321 
240 
The Diſtance is 161; the Departure 80 225, or (to 


avoid Fractions) 81; the Courſe 2 + Points to the Eaft- 
ward or Weſtward of the North or South, according to 
— Eg me of the Longitude whether Faſt or 
Well, ; | | 

on. Theſe 


126 Middle Lat: Sailing Arithnuetital Ch. 4 


- Theſe being the moſt uſeful Caſes, 1 ſhall Cas in ii. 
dle Latitude Sailing Trisonometrical) ſet down only then 
Data and Queſts of the reſt, with Rules for working 
them, and leave the Operation for the Learner's Practice. 


CAS E VI. One Latvtide, Courſe, and Departure gi. 
ven, to find the other Latitude, Diſtance, and Difference 


The N UL E. 


Find the Diſtance and Difference of one Lat. (and con: ; 
ſequently the other Latitude) by Caſe III, of Plain Sail 
ing Arithmetical, and Difference of Longitude as in the 


other Caſes. 
CASE VII. One Latitude, Diftance and Departi: 
2iven, to fd ibe e. | 
- Tk RUPE 8 


Finck the Courſe and Difference of Latitude, by Ca. 
V, of Plain Sailing Arithmctical, and Difference of Lom 


zitude as before. 8 Ng 
CASE VIII. Courſe. Defarture, and Difference of 
Longitude given, to find both Latitudes and Diſtance, 


The R UL E. 


Find Diſtance and Difference of Latitude by Caſe 
III, of Plain Sailing Arithmetical; then divide the De- 
rture (with Cyphers added on the right Hand) by the 
ifference of Longitude, the Quotient is the given 
Number for the Middle Latitude, conſiſting of as many 
Figures as Ben added Cyphers; and the Middle Lati- 
tude, and Difference of Latitude, thus given, or found: 
«the other Latitude is eaſily found; but- becauſe Depar- 
ture and Difference of Eongitude given, to find Middle 
Latitude, (and conſequently both . ) is a Vari- 


| ety 


bed. 4. Middle.Lat. . Arirhmetical. 127 


ee. had an Example in, Iſhall inſtance 
7 n one Queſtion for the Readers ractice. 3 eh] 5 
2 5 21 ? , i 110 44 
Queffon, | A Ship fails N. N. F. till hex Departure be 
and Difference of R ac z emen n 
Lade, and Diſtance. ö 7 8 


For the Diſtance, For * Lat. by the [quate Rove: 


l. 4 ; 
Kid. 
the 
eing ; 
tice, 


| 95 
ENCE 


of: peel 785 785 30 | 
85 329 eee 
on. | Dr — — i 
tie 345 6280 9039 + 7 
SENS | | — 
0 c OT” ; 
tur: 42 * nd 616225 14-3728 
Square of the Diftance —— 66 
Square of the Dann — 5 90601 
aſe : dir of ofthe Squares — —— 8 " . — — e * \ 
ON : 4 i vi A KF 
Tor Ts Middle nn 525624072 
i ENT hos 5 . 49 „ 32 
0 ac. 2 
| pin goooat4cs 142 IF. 
4960 284 * 
; 1540 a — — a—— 
C 1144507224 
ſe 7805 5 2 238 0 : > 5780 5 "FEE 
e. abi bit“ ko 95 n : TeV 
ee 2 Er 


'y The 1 Number 402 18 the three firſt Figures of the Gi 
i- ren Number for the Middle Latitude, which anſwers to 
d, Lat. 62d 28m; then half the Difference of Latitude - 
added to, and ſubrrated from the Middle Latitude, 

le ives the two Latitudes, 56 d 25 m, and 68d 30 , 
- and the Diſtance is 785. 

y +" 8 ne Nac, 


and then Difference of Longitude, as in other 


124 Midals Lot. Sailing Arithmetical. Ch. 4 
- Note, Altho' the Diff. of Lat. comes out but 924, ya if 
the FraQtion is ſo great, that if the Number had been 


dut one Unit more, the Root had been 725. 
CASE IX. Middle Latitude, Courſe, and Diftance ven 


gitude, 3 
5 The K UL E. 


By Gourſe and Diſtance find Difference of Latitude : 
and om, by Caſe I, of Plain Sailing Arithmetica, 


„„ a 
© 
* 


CASE X. Corſe, 
tude grven, to find both Latitudes and Departure. 


_ DEE 


Find Difference of Lat. and Departure by caſe 1, «M 


10 find both Latitudes, Departure, and Difference of Loy: 


Diflance, and Difference of Long. | 


Plain Sailing Arithmetical, and then find Middle Lati 


tude, and conſequently both Latitudes, by Caſe VII 


CASE XL. Courſe, Difference of Latitude, and Diff. 
rence of Longitude given, to find both Latitudes, Diff anc, 
and Departure. 0 
The R U L. E 4 


Find the Diſtance and Departure by Caſe II, of Plan 
Sailing Arithmetical, and then find Middle Latitude, 
the 


and thereby both Latitudes, by Caſe VIII. hereof. 
49 „ 


Set. 4. Middle Lat. Sailing Arithmetical. 129 


CASE XII. Middle Latitude, Courſe, and Difference 
f Longitude, given, 10 find both Latitudes Diflance and 
Departure. 5 


7 
4 


The | KULE:; 
For the Depatture multiply the Difference of Lon- 
gitude by the Given Number for the Middle Latitude, 
and from the Product cut off as many Figures to the 
right Hand as you multiply by, and the reſt is the De- 
W parture, and thus having the Courſe and Departure, 
W you may find the Diſtance and Difference of Latitude, 
Wand (by the Help of Middle Latitude) both Latitudes, 
by Caſe III, of Plain Sniling Arithmetical. 


. CASE XIII. One Latitude, Departure, and Difference 
1 5 Longitude given, to find the other Latitude, Courſe and 


iftance. | | 
The RUEBE Wn 

= Find the Middle Latitude by Ca ſe VIII hereof, and 
chen having one Latitude, and Difference of Latitude, 
the other Latitude is eaſily found; and thus having 
both Latitudes and Departure, find Coitſe and Diſtance 
by. Ca ſe VI, of Plain Sailing Arithmetical, | 

And thus I have gone thro' the Thirteen Caſes of 
Middle Latitude Sailing Arithmetical, where. in the firſt 
five Caſes, in which there are Queſtions propoſed and 
wrotight, I Have ſet down the very ſame Queſtions here 
that are in Middle Latitude Sailing Trizonometrical, that 
the Reader may ſee the exact Harmony between the 
Trigonometrital and Arithmetical Operetions, and conſe» 
quently may be convinced of the Truth and Certainty 
of this Way of wotking, ſo far as Middle Latitude Nee, 
is to be depended upon; and although Middle Latitude 
Sailing deviates ſomewhat from Mercator, eſpecially at 
a great Diſtance from the EquinoQial, or where the 


{WH Queſtion is propoſed in great Numbers, yet it may be 
FE of great Uſe in keeping a Reckoning; becauſe, - in a 

lingle Day's Work (which. ſeldom exceeds. 30 or 40 
Leagues) the Difference is ſcarce diſcernible ; and al- 


* 


K ways 
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ways obſerve, that if through Haſte you cannot take 


ways 8 
Time to reckon the Middle Latitude exactly to a M. ce 
nate, take rather a Latitude too great than too little & 
for Middle Latitude, and that will leſſen the Error, uM pr 
I hinted in Middle Latitude Sailing Trigonometrial Wi 
7 
qt? be 
— — - | of 
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1 nſtrumental Navigation. 


bes, Si 
es 


Plain Sailing Inſtrumental. 


M* Intent in this Section of Iaſtrumental Navigatin, 
LYL is not to write a large Treatiſe of all the Inſtm- 
ments that are uſeful in Navigation; for that would 
make too large a Part in this ſmall Treatiſe ; but | 
Mall here ſhew, how all the Propoſitions in Plain Sail 
'2ng, Mercator, &c. (which are in other Parts, of this 
Treatiſe ſolved Geometrically, Trigonometrically, Arithme- 
tically, Cc.) may be ſolved [nffrumentally, iz. by Scale 
and Compaſſes ; and here I ſhall confine my ſelf oy 
to the Uſe of Gunter's Scale, it being an Inſtrument 
common and expeditious for Inſtrumental Operation, 
that few that are inclined to improve themſelves in the 
Knowledge of Navigation, go to Sea without: it. In 
grder to the right Uaderfanling of which, it A ne- 
| e ceſlary, 


- 
A 


ceſſary, firſt, to give a Deſcription of that Part of the 
Scale which ſerves for our preſent Purpoſe, and then 
| proceed to the Uſe of it. FART 12 F- | 
The firſt Line next the Top, commonly marked S. R. 
is the Sine Rumbs, and is numbred 1, 2, 3, 4, 5, 6, 
7, and ends at the Braſs Nail with 8, which is Kadkus- 
becauſe 8 Rumbs or Points of the Compaſs, is a Quarter 
of the whole Circle, and therefore equal to 90 Degrees. 
Ihe next Line marked T. R. is the Tangent Rumbs, 
and this Line is numbred 1, 2, 3, and then at the 
Braſs Nail 4, the Tangent of 4 Points, or 45 Degrees, 
being equal to Radius, and then proceeds back towards 
the febe Hand with 5, 6, 7, the Tangent of 8 Points, 
or 90 Degrees, being infinite, ? „ 

Theſe Sine Rumbs and Tangent Rumbs, are only uſe- 
ful in Navigation. The Sine Rumb, or Tangent Rumb 
being only the Sine or Tangent of the Degrees and 
Minutes anſwering to thoſe Wants: Thus, becauſe x 
Point of the Compaſs contains 11d 15 m, therefore the 
dine of 1 Point is equal to the Sine of 11d 15 m, Cc. 
Alſo three Points are 33d 45 m; therefore the Sine of 
3 Points, in the Sine Kaas. is exactly againſt the Sine 
Jof 33d 45min the Sines, and the Tangent of 3 Points 
is right againſt the Tangent of 33d 45m, Cc. 

The next Line being the third in order, marked 
NMiuub. ] is the Line of Numbers, which is numbred 
from the left Hand with 1, 2, 3, & 5, 6, 7, 8, 93 1, 
2, 3, 4, 3, 6, 7, 8, 9, 10. The Diviſions at 1, O7- 
being the greateſt, and growing leſs towards 9, Cc. 
Thefe Diviſions being divided each into 10 Parts, and 
every one of theſe again ſubdivided (where Room will 
permit) into 10 Parts, and are thus read: If you call 
I at the left Hand 1, then the next 2 is 2, and ſo on 
3,4, 5, Cc. to 9, and the 1 on the Middle is 10, and 
the next 2, 3, 4, Cc. is 20, 30, 40, Cc. and the 10 
at the right hand, is 100, and thus when 1 in the Mid- 
dle is 10, and the 2 is 20, &c. then every one of the 10 
leſſer Diviſions between 1 and 2 is 1: Thus 1 being 10, 
the next ſmaller Diviſion is 11, and the next 12, where 
there is commonly a Braſs 3 * and ſo on, to 13, 14, 

1 K 2 | 13% 


132 Plain Sailing Inſtrumental. Chap. q 
16, Oc. till you come at the 2 for 20, and 3 for 30, | 
and ſo in the reſt. 11 ; 
But if you make 1 at the left Hand 10, then 1 inthe 
Middle is 100, and 10 at the right Hand is 1000, ant 
then every one of the leſſer Diviſions, which before waz 
reckoned 1, is now reckoned 10, Cc. Thus the 18 
the Middle being 100, the next ſmall Diviſion (which! 
before was called 11) is now 110, and the next when 
the Braſs Nail is, 120, Cc. and then every one of tra 
ſmalleſt Subdiviſions is called 1. Thus ſuppoſe I would 
find 125, on the Scale I call 1, in the middle, (ora 
the left Hand) 100; and counting 2 of the ſmall Di ro 
ſions further (which is juſt at the Braſs Nail) and the ut 
s of the ſmalleſt Subdiviſions, there I hold my CompaſaMio, 
it being the Number required; a little Practice vi he 
make it eaſy. : : | . 
The next Line is the Sines mark d at the right Hall 
[Sines], and numbred from the left Hand, 1, 2, 3, Not 
10 6, 7, 8, 9, 10, 20, 30, 40, 30, 60, 70, 80, 90 ; thi 
longer Subdiviſions between 10, and 20, and betwe u 
20 and 30, Cc. being each 1 92 ; but the Degree ou 
under 20 are ſubdivided into 6 Parts, each Part bei dv 
10 Minutes; and where the ** are divided into Tha 
Parts, each Part is 15 Min. Cc. Thus ſuppoſe I ſeek tar 
Sine of 23d 30m; firſt I find 20, and then count 30 
the bigger Subdiviſions, which are 23; and then 2 
the ſmalleſt Subdiviſions for 30 Min. (becauſe the J 
gree is divided into 4 Parts) and that is the Point 
. preſenting the Sine of 23 d 30 m, where there is con 
monly a Braſs Nail, as at 12 on the Line of Numbers. Wticu 
The next Line is Verſed Sines marked I/. S:nes] 1 | 
which there is ſeldom Uſe made in Navigation. ſha] 
The next is Tangents, marked at the right havWſhen 
[Tong] they proceed from the left Hand to the righ 
om 1 to 45, and then back to the left Hand to war tric: 
90, the Subdiviſions are underſtood in all Reſpects, 
thoſe of the Line of Sines, and therefore need be 1 
further explain d. 8 
By this Scale, and a Pair of Compaſſes, may be pe 
formed all the Propoſitions in Trigonometry and Nat 
Calion, in all theſe Parts. As they are ſolved elſewhe! 
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n this Treatiſe by Geometrical Conſtruction, and by 
\rithmetical Calculation, ſo here I ſhall ſhew how they 
nay be ſolved by Inſtrumental Operation ; and here, 
whatever the Queſtion be, the Proportion for anſwer- | 
nd ing it is the ſame as in Trigonometry, by Logarithms, 
ms Mines and Tangents ; only whereas in Natural umbers, 
Ine Operation is perform'd by Multiplication and Divi- 
ch ion, (when three Numbers are given to find a fourth) 
deu ind in Logarithms it is done by Addition and Sub- 
Wraction ; ſo here it is performed by taking in your 
uli ompaſſes the Diſtance upon the Scale, between the firſt 
ad ſecond Given Terms, and the ſame Extent will reach 
From the third Given Term to the fourth Term required; 
Nut becauſe, if the ſecond Term have the ſame Propor- 
ion to the firſt that the fourth hath to the third, then 
vine third will have the ſame Proportion to the firſt that 
Whe fourth hath to the ſecond, by Euclide, Lib. 5. Prop. 
6. and therefore, when the firſt and third Term are 
oth of one Denomination, viz. both Sines, or both 
WT angents, or both Numbers, as it happens in moſt. 
e ueſtions in Navigation, and where the ſecond and 
rer fourth are alſo of one Denomination, I would rather 
eil adviſe to extend from the firſt to the third, and by 


to that means you keep along one Line, whether Sines, 
ti rangents, or Numbers; and then the Proportion and 
3 Antwers will come out the ſame, as by Trigonometrical 
2 Calculation. | | | 

D And becauſe the Proportions in this manner of work- 


t ing are the ſame as in the Logarithmical Operations, 

I ſhall not be at the Pains of running over all the par- 

rs. ticular Caſes of Plain Sailing, and Mercator, Cc. as in 

che Geometrical and. Trigonometrical Parts hereof; bur 

Hhall only inſtance” in ſome few Queſtions, and thereby 

1 ſhew the Learner how all the reſt may be deduced from 

iguß rhe Proportions elſewhere laid down in the Trigonomes 
arg ical Part, 1 = 


[| | „ 
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l 
CASE I. Cuſe and Diftance given, to find the Dif- 
Peerence of Latitude and Departure. 


Diff. of 


titude and Departure. 
Ff, for the Diff bf Latitude. 


* 
* 


Vou may obſerve in the Trigonometrical Part, that the 4 


Proportion is, As Radius to the Diſtance, fo Sine Com- 


plement of the Courſe to Difference of Latitude; there- : 


tore here the Courſe being N. W. by N, that is, three 
Points from the Meridian, its Complement is five 
Points ; therefore extend on the Sine Rambs from Radius 
the Braſs Nail at the End) to five Points; the ſame 
Extent will reach on the Line of Numbers from 123 to 
102, the Diff. of Latitude required. 135 


Then for the Departure. 


The Proportion in Trigonometry is, As Radius to 
Diſtance, ſo Sine of the Courſe to Departure; therefore 
extend from Radius to 3, on the Sine Rumbs, the ſame 
Extent will reach from the Diſtance 123 (on the Line 
of Numbers) to 68, the Departure required. 

Note, The ſame may be performed on the Line of 
Sines; for if you extend from Radius to Sine of 33 d 45m, 
(the Courfe reckoned in Degrees and Minutes, allowing 
114 15” to a Point) the fame Extent will reach on the 
Line of Numbers from the Diſtance 123 to the Depar- 
ture 68, as before; and for Difference of Latitude, er- 
tend from Radius to Sine Complement of the Courſe, 
56 d 15 m, the ſame Extent will reach from the Diſtance 


123 to the Difference of Latitude 102, and ſo in 
others. | = 


_ Thus in Plain Sailing, Cafe II, where Courſe and Dif- 
ference ot Latitude is given, to find the 5 and 
| 4p Depar- 


3 pt falls N. W. by N. 123 Miles; I demand her 


D re, you ſee in the Trigonometrical Part, that the 

[Proportion for finding the Diitance is, As Sine Comple- 

ment of the Courſe to the Difference of Latitude, ſo 

f. MWkadius to the Diſtance ; therefore extend from Sine 

Complement of the Courſe to Radius, the ſame Extent 

WW will reach from the Difference of Latitude to the 
W Diſtance. 1 ” 


Example. A Ship fails 8. W. by S. till her Difference 
Hof Latitude be 174 Miles; I demand her Diſtance and De- 
arture. | bh 


Firſt, for the Diftance. 
Extend from 5 on the Sine Rumbs (or from 564 15 N 
Jon the Sines) the 'Complement of the Courſe; to Ra- 
Wdius: The ſame Extent will reach from the Difference 
af Latitude 174, to the Diſtance 209; then for the 
W Departure, the Proportion is, As Sine Complement of 
the Courſe to Difference of Latitude, ſo Sine of the 
W Courſe to the Departure: Therefore extend from Sine 
W Complement of the Courſe 5 on the Sine Rumbs, (or 
56d 155 on the Sines) to the Sine of the Courſe 3 on 
the Rumbs, (or 33d 45m on the Sines) the. ſame Ex- 
tent will reach on the Line of Numbers from the Diffe- 
rence of Latitude 174, to the Departure 116. 3 
In the like manner are all the Caſes in Plain Sailing 
and Mercator performed on the Scale, if you do but 
know the Proportions, (which you have at large in the 
„ Trigonometrical Part) and therefore I need not enlarge 
10 any further upon it; only this is to be obſerved, that you 
e muſt mind always to extend your Compaſſes the fame 
Way (whether backwards or forwards) at the laſt Extent 
(= that you do at the firſt; that is, if your Extent from 
e, the firſt Number to the ſecond be from the left hand 
e towards the right, then your fixed Point being placed 
n at the third Number, the moveable Point muſt be ex- 
tended towards the right hand alſo, and rhe contrary, 
I unleſs in caſe you have to extend from a Tangent above 
4 45, becauſe they increaſe from the right hand towards 
the left (as hath been ſaid before) of which you have 
%S ĩ 
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ſometimes Occaſion to make Uſe, in Caſe VI, of Plain 
Sailing; as for Example, | 

A Ship ſails between the South and Weſt till her Dif. n,: 
ference of Latitude be 80, and her Departure 95; I de. 
mand her Courſe and Diſtance. $4 _— ; 
The Proportion being, As Difference of Latitude to 
Radius, ſo Departure to Tangent of the Courſe ; there. 
fore extend from Difference of Latitude 80 to the De. WW; 
parture 95, (which is towards the right hand, becauſe Wl 
increaſing, viz. 95 is more than 80;) the ſame Extent 
will reach from Radius to the Tangent of the Courſe, 
50; and although Radius is at the End of the Line, ſo M 
that you cannot extend any further towards the right 
hand, yet in your extending towards the left hand, you 
muſt count. the Degree that the Compaſs Point falls 10 
upon, on thoſe Degrees which are increaſing above 335 
towards the left hand; thus in this Caſe, you find the 
moveable Point of the Compaſs fall upon a Stroak iſ 
marked 40150, 9:2. it is either the Tangent of 40 or of 
50; but the extent from 80 to 95 being towards the 
right hand increaſing, and your fixed Point being placed 
in the ſecond extent at Radius, viz, Tangent of 46, 
you muſt account the ſecond Extent alſo increafing, and 
the Tangent that is above 45, viz. 50, is the Anſwer to | 
your Queſtion ; and thus (with the Help of Plain Sail. 
ing Trigonometrical for finding the Proportions till you 
haye them by heart) may be ſufficient for Plain Sailing In. 
firumental, | _ 
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8 T. II. 


Mercator's Sailing Inſtrumental. 


IN Mercator's Sailing, as well as in Plain Sailing, the Ml ©! 

2 Proportions are the ſame as in the Trigonometrical 

Part, and may be learn'd in Mercator's Sailins Trigono- 

ede 
2 7 * 5 % < a eg p 


Fe 


r ww, 3 


* 
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Ciſes hereof may be ſolved by Scale and Compaſſes, 


without Tables, I ſhall firſt ſhew how the Meridional 
Difference of Latitude may be found by the Scale and 


Compaſſes, both Latitudes being firſt given or found. 
There is upon the Scale 2 other Lines, befides what 


we have yet ſpoken off, which are next the lower Edge 


Wof the Scale; the firſt of them next the Tangent Line 
is the Meridian Line, marked [Merid.] and the next and 
Wioweſt is a Line of equal Parts, marked [[Eq. F.] theſe 
are of Uſe for Graduating a Mercator s Chart, (of which 


more elſewhere in this Book) and alſo for finding the 


WT meridional Difference of Latitude. The equal Parts 
are Degrees of the Equinoctial, and every Diviſion or 
Degree contains 60 Miles, or Minutes; and hence every 
io Degrees mark d 10, 20, 30, Cc. contains 600 Miles; 
but the Degrees of Latitude growing larger towards the 
= Poles, in a Mercator's Chart for holding the ſame Pro- 
portion to the Degrees of Longitude that they do upon 
che Globe, every Degree nearer the Pole, contains ſo many 
more meridional Miles, according as the Degrees of 
W Latitude upon the meridional Line grow larger, as the 
Latitude increaſes ; hence, to find the meridional Diffe- 


rence of Latitude, when the two Latitudes are given or 
found, extend the Compaſſes between the two Given 
Latitudes or the meridional Line, which done, apply 
the ſame Extent to the equal Parts, and accounting every 
10 Degrees 600 Miles, every Degree 60, and each half 


Degree 30 Miles, &c. you have the meridional Difference 
| of Latitude between the two Places, and fo may find 


what is required, and anſwer your Queſtion Inſtrumen- 


| tally,” as well as Trigonometrically, if you be careful in 


the Operation, 
„ Example in Mercator s Sailing, Caſe 1. 


Achip in Latitude 50 d 09» N. ſails N. W. by N. 
987 Miles; I demand the Latitude come to, and Diff. 
of Longitude. | 


According to the former Directions, extend from Ra- 
dus to Sine Complement of the Courſe, (viz. 5 on the 
| Sine 


ka 
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Sine Rumbs, or 56d 15 m on the Sines) the ſame Extent Me £ 
will reach fromthe Diſtance 987 to Difference of Latitude 
820 Miles or Minutes, or * d 40 which added to 
the Latitude faild from, s the Latitude come to 
63d 40m; then to find the meridional Difference of 
Latitude, extend the Compaſſes upon the Meridian Ling 
from 50d om to 63d 40m, that Extent applied to the 
equal Parts, accounting (as before dire&ed) every 10 
Degrees for 600, and each Degree for 60 Miles or Mi- ar. 
nufes,. will be found to be 1522, the meridional Diffe- 
rence of Latitude. Then for Difference of Longitude, 
proceed according to the Proportion in Mercator's Sailing 
Trigonometrical, Caſe I. viz. Extend from Radius to the . 
Tangent of the Courſe, vis. 3 on the Tangent Rumbs, id. 
or 33d 45m on the Tangents, the ſame Extent will ert 

from the —.— Difference of Latitude 1522 eee 
to the Difference of Longitude 1017, and ſo in others. pe 

In Caſe II, where both Latitudes and Courſe is gi. he 
ven, the Diſtance is found as in Ceſe II of Plain Sailing Mine 
Inflrumental, and the Difference of Longitude as in 
Gor hereof, which is ſo eaſy, that it needs no Ex Wi. | 
ampice : ; 5 


CA SE III. One Latitude, Cour £ and Difference of ; 
Lon itude given, to find the other Latitude and Diſtance. 


: A Ship in Lat. 50 North, ſails N. N. W. till her ** 
Difference: of Longitude be 7 Degrees, or 420 Min. 1e 
demand as above. ; | | 1 


Extend from the Tangent of the Courſe, two Points ee 
to Radius, the ſame Extent will reach from 420, the 
Difference of Longitude, to 1014, the meridional Dit- 
ference of Latitude. | Ja: 

Take the meridional Difference of Latitude 1014 from an 
the Scale of equal Parts, then with that Extent, and one | 
Foot in Lat. 50, on the Meridian Line, the other will = 
reach to 59d 40m, the Latitude come to: Then for 
the Diſtance extend from Sine Complement of the Courſe 
(6 on the Sine Rumbs, or 67 30 on the Sines) to ae 

| | "4 Gant wy BAS. 2 


. 


et. 3+ Paral. and Mid. Lat. Sailing Inſtr. 1 39 
he ſame Extent will reach from the proper Difference 
Ne Latitude 580 to 628, the Diſtance required. nee 


0 0 
E 

1 $ x6 +, UL 5 

8 Parallel and Middle Latitude Sailing Inſirumental. 


HE Proportions for ſolving all the reſt of the Cafes, 
both in Mercator and Parallel Sailing, and alfo in 
:ddle Latitude, may be ſo eaſily deduced from the Pro- 
W ortions laid down in the Trigenometrical Part, that I 
Weed ſay no more about them; only in the Inftrumental 
WD peration, where a Tangent is required, the End of 
Ine Compaſs will ſometimes fall beyond the End of the 
Fine; as ſuppoſe the Proportion were, As Tangent 21 d 
os to Tangent 37 4 20 m, ſo Tangent 42 d — m, to 
W Tangent required. And here, if you extend from the 
rf Term 21d zom to Tang. 37 d 20m, the ſame Ex- 
Went will reach from 42d 40 mn, to beyond the End of 
Ihe Scale; but to remedy this, extend from Tangent 
id 30, to Tangent 37d 20m then with that Extent, 
Ind one Foot in Tangent 45, extend the other back 
owards the left hand, and where-ever it 5, ns. keep 
St fixd, and cloſe the other to the third Term, viz. 
Tangent 42d 40 n, then with this Extent, and one 
Foot in Tangent 45, the other will fall upon Tangent 
60 d 45 mn, the Tangent requir d. | | 

As for Traver ſe Selling, it being compounded of ſeve- 
ral Queſtions in Plain Sailing, I hall not need to ſpeak 
of it in this Place, ſuppoſing that by what is already 
laid down in this Section of Iaſtrumental Navigation, the 
je Learner will be able to make Application, as Occaſion 
1 requires, without any further Inſtructions. 
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SEC r. 1 
Rules and Grounds of the Method. 


2 order to the right Underſtanding of this new Ms; 
L thod of Trigonometry, I ſhall proceed, according to 
the uſual Method, and ſhall, for the Help of Memory, 
lay down ſome fundamental Rules or Axioms, upon 
which the whole Operation depends, and by which all 
the Caſes in Plain Trigonometry, both Right and Ob- 
lique, may be ſolved, without any Book, Table, or 
Inſtrument whatſoever. But before I come to the An- 
ioms, I fhall premiſe, that whenever a Side and an 
Angle is given, to find another Side, (which is the firſt 
and moſt uſeful Caſe in Navigation) there muſt firſt be 
a Number found, which I call the Natural Radius, not 
only becauſe it is the Original, from whence the Solu- 
tions are deduced, but alfo becauſe being found, it pro- 

| duces 
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Beg. 1. Rules and Grounds of the Method. 14r 
guces the the ſame Anſwer in Natural Numbers, that 
he Radius, or Sine of go, produces in a Sinica} Pro- 
dortion; and this Natural Radius is thus found: 


METHOD the Fin. 


Take the Angle whoſe oppoſite Side is either given or 
ought, and divide four times the Square of its Comple- 
ment to go Degrees by 300 added to three times the 
aid Complement, and then the Quotient added to the 
id Angle is the Natural Radius required; and this 
WRule is univerſally true in all Angles from o to go. 


METHOD the Second. 


But becauſe in Angles under 45, the Complements 
Ware above 45, and their Squares amount to greater Num- 
bers than the Squares of the Complements of the Angles 
above 45; therefore to render the Work as eaſy, and 
the Contrivance as uſeful as poſſible, I ſhall ſhew ano- 
[ther Way to find the Natural Radius for all Angles under 
45, and the Rule is, - 8 

Divide three times the Square of the Angle (whoſe 
: oo Side is given or ſought) by 1000, the Quotient 

added to 57 : 3 that is 57:5) the Sum is the Natural 

Radius required. Cs 
This being premiſed, the Rules are theſe. 


RULE the Firfl. In Right-angled Triangles. 
An Angle and a Side given, 10 find another Side. 


The Natural Radius bears always the ſame Proportion 
to the Hypotenuſe that the Angle (by which the Natu- 
ral Radius was found) bears to its oppoſite Side. 

Therefore if the Angles and Hypotenuſe be given, it 


to its oppoſite Side. But if the Angles: and a Leg be 
iven, then it is, As the Angle to its oppofite Side, ſo 
atural Radius to the Hypotenuſmdſm. 


RULE 


is; As Natural Radius to Hypotenuſe, ſo the Angle 


142 Rules and Grounds of the Method. Ch, 
5 RUL E the Second. In Right-angled Triangles. 
Two Sides given, to find 4 Third. 
The H. potenuſe is equal in Power to the two Ley 

that i ed. Square of t Hypotenuſe 1s equal to th 
Square of both Legs added together; of which ſee mon 
in Plain Sailing Arithmetical. a 1 
RULE the Third. In Right-angled Triangles, 

The Hypotenuſe and 4 Leg given, io find the other Leg. 


Multiply the Sum of the Hypotenuſe, and given Lag . 
by their Difference; The Square Root of the Product i 


RUL E the Furth. In Right-angled Triangles, 
' Three Sides given, 10 find an Angle. 


Add half the longer Leg to the Hypotenuſe : Then ; 
As that Sum to 86, ſo the ſhorter Leg to its * "Ic 


NT L E ne Fifth. In Oblique Triangles. - 
Thres Sides given, to find where the Perpendicular muſt fall 


Multiply the Sum of the two ſhorteſt Sides by their 
Difference, and divide the Product by the third Side, 
which is the greateſt, and upon which the Perpendi- 
.enlar is to fall: The Quotient added to the greateſt 
Side, or ſubtracted from it, ſhall be double the greater 
or leſſer Segment, on each Side of the Perpendicular, 


Another Way. 


Add the Squares of the biggeſt and leaſt Sides toge- 
ther, and from their Sum ſubtract the Square of th 
| 5 1 ua eaten EOS mi d le- 


oft. 2. Plain Sailing by a New Method, 143 
niddlemoſt; Half the Remainder, divide by the biggeſt 
zide, the Quotient is the leſſer Segment, which ſub- 
ated from the whole Baſe, leaves the bigger Segment. 
See another Way in Axiom IV, of Plain Trigonometry, 
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| r S 
Plain Sailing by a New Method. . 


Shall now proceed to ſome Examples in Right-angled 
Triangles, applied to. Plain Sailing; and here note, 
hat to avoid Fractions, I ſhall propoſe the given Angle 
ways in whole Degrees, that _ ſufficiently: exact 
all Uſes in Navigation; yea, and a far more exa& 
WVay, than reckoning by Points, Half Points, or Quar- 
er Points; one Degree being a much ſmaller Part of 
great Circle than a Quarter Point of the Compaſs. 
nd I ſhall make uſe of Degrees rather than Quarter 
Points, not only for its Exactneſs, but alſo becauſe it is 
Method much in Uſe aboard of the Men of War, to 
Weckon the Courſe in Degrees, and not in Points and 
Quarter Points. 


ASE I. Courſe and Diſtance wen, to Bud the Diſ⸗ 
ference of Latitude ant Departure. 5 | | 


Note, I ſhall in every Caſe hereof propoſe the ſame 
Queſtions that are inſerted in the ſecond Example of 
ach Caſe of Plain Sailing Trigonometrical. 
A Ship fails South 25 Degrees, Eaſterly 96 Miles; L 
lemand as above. 8 | 


© 1 — 
; * 
Sa? 1 N 
95 . 3 The 
; * 
- #t 
? * 
4A 


244. Plaid Sailing b a New. 22 "Chi 
ogy - 2 a. 


Ne, Where 5 Legs 3 


. 3 


For the EY 2 


The Angle ——25 
Multiplied by it ſelf —— 26 
. . 155 
re _— the 8 — 625 
3 3 
The Product 1875 
1875 divided by 1000l8 1. 875. 
To which add 55. 3 


Sum is Natural Rad. 59. 59-175] 


Or rather briefer 59. 2 


m. K L. 


A= Natural Rad. 59.1 
to the Diſtance 96 : wil 
the leſſer Angle 25, to if 
— 1 Side the D 
| | 


24 veel go 2 


Which is erat enough. 4 


Tben for the Difference if 
potenuſe or Diſtance 96. 0 


| The Ber i Decimals 4s -40.5 


Their Sum 136.5 | 
St Difſerence ——55; 355 
1 1 1 6825 
_ 
63825 +» 


The Produd — 757575 


The Depart is 9 (or ge 4 40. 5). The Dif 
led 


2 by Rule MI. 


1 


I 

25 „ Di 0 

. Lit 
2 


FAY N 


f 


. CASE 


ASE 1. Sree sf - e of Lai 


k Ship l. fails North 38 Degrees wet, dig * * 

f KN 120 3 her Diftance and Beramure is; re- 
uir 

Here the side oopliiks to the Bigger Auge e is 

erefore we muſt make Uſe of Method I, to bn 
idius, becauſe _— *. . 25 'only” to to Degy 


der 1 | 5 | 5 


wr Fe 1 15 2 93 l 


T- #131 is: de 
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atural Radius. 


4 
1 1 — To 1205 8. p . F «> : 8 0 
8 2 N | . 
þ y f 
mb > TOM 
7 : 


W. Angle to 120 its > ons side: 
dius, 66, to the Diſtance required. 


Then for Departure, by Rule III. 

} Diſtance \ 132 * 9 

Diff. Lat. 120 gol 97 Deparcrs | 
8 Sum — 272 * 8 = r 


" 
The Diſtance 152. The Departure 93. | 
Fe ESI L Thu | CASE: | 


* 
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A 8. E III III. Cour ſe and Departure given, 10 fend Dj 
K. ante, a 4 nd * J 90 


A Slug ſails North 19 rees Eaſterly, her Depn 
ture 72 Miles; Idemand as above. 

** Here the ſhorter Leg is given; therefore I ſhall nl 
the Naw), Radius by Method II. 


Three times . Square of the iven Angle i 

15 1083, this divided by 1000, which is done * 1 

cutting off three Figures to the right Hand, - 

| the. Quotient is x:083 ; which becauſe, the ſe- - 1" 
| 'cond de by in the Fraction is above 5, Tadd one 1 
| 180 the of Figure, which is a Cypher, and then” — 
| 5 e Quotient 1.1, which added to 57.3, the 30 
| * 15 1s he Natural Radius require. 
N 


T > 
of+ ©. 2d 
I 


| | 46h —_- for the Diftance, by Rule I. 1. 


As the PAY 19, to its oppoſite Side 72: So Natun 
Radius * 4, to the Diſtance, 


| 58 953 ee 19,4204(221 The I» 
bp tn „ bs ala +; Nance 'n 
C | 4 e — 5 
1 Fon i WO 5 | 55 
| + wi Then ful Eilference * Latitude eh Rel in. 5 
I Difance 3 „ ee J 
. bite 209 Fe 
Differenc "ASI 149 EA i 
2637 409) _ 
1172 C393) | 
293 The Root 208, but th 
43657 Fraction being ſo large, 
rather call it 209, the Di 
ference of Lat. IT 


Sec. 2. Plain Sailing by 4 New Method, 14 
CAS E. IV. Diſtance and Difference of Latitude | grven}; 
ſo find Cowſe and Departure. | 


A Ship ſails between the North and Eaft 117 Miles 
* Difference of Latitude 102 es 1 emen tl 
ourſe and W 8 


For the Departure, by Rule . | 
Diſtance 117 "TH 4 


Diff. of Lat. ER — e 
Sum — _ IF 
+ ot 8 1 a -1053 T0 
1 LES 
| 220 3 3 0552 
Produt - — 38 5 m. Deparin 551 2. 


| Then for the Curſe, by Rule IV. 
1 or Diſtance . HS 
x e longeſt Leg - 
e = 


As 188. 5, to 85 So ſhorteſt Leg, or Departure, 
55˙5˙ to its oppoſite Angle, the Courſe. 


55.5. 168.5)4773.<(28 The Courſe 28 - fy 7 


| | 1403.0 grees, which is alm 
32320 550 Liz. 28 Degrees, 10 ba 
4.44 1 nutes. 
7730 
t tl 
Tge, | 
> Di 1 . 
ed L 2 CA SE 


— 


+4) N * 
2 © 1.4%: xd 
Ls . 5 N 


CASE V. Difence 8 | rie gives; to find the 


A up fails in the South-Weſt Quartet, 124 Miles, 
her Departure 9 Miles; I demand her Courſe 3 


For the Differente of Latitude by Re III. 
h * Diſtance — — 124 3 Sg Sort: = 


The 3 Root of 6351 is 79 or rather 80 (becauſe 
the Remainder x10 is more than the Root) the Diffe- 
Tence of Latitude required. 3700 7 | 


Then for the Courſe, by Rule IV. 


_ Hypotenuſe or Diſtance =——=— 124 ——122 
* Langet Leh, which here is Dep. p5 ks half 7-5 
| 2 SUthmnnnmnnned FS 


"As 171. 5 to 86 : $o the ſhorter I's (which here 
is the Pifitence of Latitude) 80, to — oppoſite An- 
Sle, the Complement of the Courſe. PETS 


86 171-5)6880.0(40 Degrees 
G0. „0200 | 
— ; 


„ 20.0 5 
The Complement of the Courſe is 40 Degrees, and 


| * en the Courſe is 50 Degrees, from the South 
BY - efterly, and the Difference of Latitude is 30 Miles fere. 


„ 


0 


CASE 


5 wa od \ 
\ Es 
* 


I demand the reſt. 


mw - * 


449 
11664 


Then for the Courſe, by Rule IV. 


As s 355, 10 86: So 108 to the An- 
| gle of the Courſe. 


uſe 
Fes 


99288026 
39> 2188 


| — ͤ Außk1—— 


58 


L 3 


Sect. 2. Plain Sailing by a New Method. 1 
CA 8 E VI. Difference of Latitude and Departure g+ 
ven, 10 find the Courſe and Diſtance. 


A Ship ſails in the North Weſt Quarter, till her Dif- 
ference of Latitude be 220 "MY and her Departure 108; 


For the Diftance by Rule . 


220 108 Square of, Diff. Lat. — 48400 
220 188 Square of Departure — I 1664. 


864. 
8 1085 Sum of the Squares — 602d 
1555 


e 


320 
485 )2464 

2425 

6350 


The Diſtance 
is 245, and the 
Courſe 26,455 De- 
grees, Or 26d gm, 
or N.N W. ſome- 
what more chan 


| + Weſt, 
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©" Oblique Triangles, by a New Method, 


* 


How to ſolve all the Caſes in Oblique Plain Triangles, by 
this New Method, without any Canon, Book, Inſtrumeni, 


. FN the Solution of Oblique Triangles, by this New 
Method, it is neceſſary that they he firſt divided 
into two right-angled Triangles, by a Perpendicular 
let fall, in which obſerve : . 
Let it fall from the End of a given Side, and oppo- 
ſite to the given Angle. | | ARES 
By this Means, the Perpendicular will ſometimes 
fall within, and ſometimes without ; when it fall; 
within, it falls upon ſome intermediate Part of the Baſe, 
or longeſt Side; but when it falls without, it falls upon 
one of the ſhorteſt Sides continued; in either Caſe, 
there is two right-angled Triangles produced, and then 
the Angles or Sides ſought are found as if they were 
Parts of a right-angled Triangle, | 


CASE 3 
( The Angle at A 30.0) 


| Given < The Angle at B 45.0 > Requir'd the Side AC. 
85 C The Side BC — 25 Fs 


een ,, —— 
4 * } Fi g 
3 
* 


Here the Perpendicular falls from the end of the Gi: 
1 ven Side BC, and oppoſite to the Given 
f Hg. 48. Angle at B; then in the Triangle B DC 
gien the 757 at B, and the Side 
RE, to find the Side CD, which being found, 
there is given in the Friangle ADC, the Angle at 

| A, and the Side PC, to find AC, the Side RY} 


vet 3. Oblique Sailing by a New Method, 151 
I ſhall not trouble the Book with the Operation for 
ding Natural Radius, it having been often enough 
epeated in the former Part ; but being found by Me- 
50 I. the Natural Radius for the Angle 45 is 63.62 ; 
herefore, As 63. 62, to Side CB, 290; So 45, the 
Ingle at B, to Side oppoſite . 


y 45 63.620 13050. 0 205 The Side CD 205. 
A 00:: © . + 326.00 _ { | 
4050 7 f 
900 „ 
p 13050 
i BE Now in the Triangle ADC, is given the Angle at 


30 d oom, and the the Side DC 205, to find AC. 
The Natural Radius found by Method II, for the 
Angle 30 is 60. Therefore, 


the Angle at A 30, to Side oppoſite DC 203: 
g o 60. to the Hypotenuſe AC Required. Os ifs 

e, 5 

% 205 30) 123000410. The Side AC Required. 
Y . 60 © 4 © ? 

re I 2300 + ANA 


"CASE I 


C The Side AB 560 ?> M 8 
wen < The Side AC 410 >Required the Angle at C. 
 . CThe Angle B 485 . N a 


p * 


Here the Perpendicular falls without, upon the Side 
C continued, and in the Triangle BDA there 

is given the Angle at B 45, and the Hypote- Eg. 49. 
nuſe A B 560, to find AD, which being found 5 
you have given in the Triangle CAD, the Hypotenuſe 
A, and the Leg AD, to find the Leg CD, and the 
\ngle DAC, and by Subtraction, the Angle DCA, and 
he Angle BCA, in their proper Caſe of right-angled 


Triangles,” | | 


_ 
= 
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e Method I: Therefore, as 6 62-0 the : 
y 


| The 8 Radius fot: the. given Angle 45, i 


„ 60 80 the le at B to Side op 
ice AD 5 Angl Tp” Ppo A 
3 6366 pepe the Side Al, 5 
45 Irs of 00 
2800 815 

224. | 6 by 
8 8885 £ Jo | Sid 

Then you 1 7 4 396, an and AC 410, to find 7 

by Rule III, chus: 

: Side As | e "'> Gr: 
Side AC ———=396 + M1 the Leg ' 
Sum 7 -1 

Difference 14 * 5 1 

$56. 2060 20 — 
Product _— Hy == poo 

Sid 
| Then for the Angle CAD, by Rule IV. Fe: 

8 40 0 As 608 to 86, ſo 06 to tl C. 

_ the 2 4 4 D: D' 198 Angle CA D. dur 

— — 608 106 68)9116(14% Di 
Fn, 72 | 2 
i £3 Pr. 

Le. 51 e 
The Angle CAD is T4 £47, or rather 15 reesj | 

which ſubtracted from o, e ACD, 10 Degrees A 

and that ſubtracted Dan 182, er 105 Degvoes, they yo 


Cal 


"__ 4 CF Aar 
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CASE II. Given as in Caſe II, to find the Third . 
Side A 


p the whole Triangle B D A, you have given the 
Angle ABD 45, and the Hypotenuſe B A 5603 alſo 

by Conſequence, the Angle BAD, which is alſo 455 
to ” find the whole 1s BD; 8 in „ on. acute 
. Angles being equal, 273. rees, the D is 
2 — o. AD, Ws 396; t Me baviric found CD 106, 

by the ſecond 8 in Caſe II, ſubtra it from 
Wthe whole Side BD 396, the under 2705 is the 

Side BC required. 


CASE IV. 


e | 
| Groen | < The Side AB 560 Required the A gle at B. 
7 The Angle at A 30. REY" | Mb og 


In w Triangle A EC, is given the d . at A 30, 
and the Hypotenufe 4 C 410, to fin | 
which by thi firſt Caſe hereof is found to be F E. 50. 
205, and therefore 1 need not repeat the Ope- 

ration. Then in the ſame Trim 25 ACE, there is 
given the Sides AC 4⁰, and CE 205, to find the 
Side A E 14 Rule III. | 


AC— 3 —— - 410 1266556355, the ** AE, 
EK 1 ; 2 205 


Sum — —G15 6 oh 
EF 4 — TIT: 10 
Difference- — = | 5 325. 


3075 7953575 575 
— 1 Ngwipe 
Modes 128075 2 * 2 50 


The Leg AE 388 fubgadied * 5 whole Side 
AB 5&o, reſt EB 205; then in the Triangle BE C, 
wn have given B E 205, and EC * to find C Chg 


Pl 


EY ek, 


154 Oblique Sailing by a New Method. Ch. 6, 
Rule II, and the Angle B by Rule IV, but in this Cafe, 
ECandEB being <qys} the Angle at B is proved 4j 
Degrees, without Calculation, ER 


| | CASE. V. 

Given 4 in Caſe IV, to find the third Side, BC, 
Although this is the Fifth Caſe in the Trigonometrical i 
Operation, yet the Side BC is neceſlarily found in 
Caſe IV, before the Angle at B can be found; and 
therefore, altho the Operation in Caſe IV be ſome. 


what tedious, yet both the Fourth and Fifth Caſes are 
included in it. 7 


CASE VI. 
CE? 5 , AB — 560 2 1 by 4 
Given < AC 410 Required the Angleat A. 
: BC 290 ah * 


Find A E by the Rule laid down in Axiom IV of 
2 Plain Triangles. As the Baſe: A B 560, to the 
Fig. 51. Sum of the other two Sides, 700: So the Diffe- 

rence of the ſaid Sides 120, to the Difference 
of the Segments of the Baſe AD 150, as by the 

Operation below, Tu 


320 , 56.9)8495.07150 To the half Diff. 74 add 
r * Baſe 2, the Sun 
$4000 000. 35 is the greater Baſe AE; 
3 1 but ſubtracted, the Diffe- 
rence is the leſſer Baſe EB 205. W 


* 


* . 


Then in the Triangle AkEc, there is given AC 410, 
and AE 355, to find CE by Rule IN, and the Angle 
at A by Rule IV. | 


e 
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iſe . : 29 „ 
45 The Side AC———410 420750 205 
The Side AE — 355 405002075 
Their dum 765 2025 
Their Difference — 55 50 TX 
1 x 38 25 The ſquare Root of 
3825 42075, 013. 205 is the 
„4 —— 42075 Side CE required. 
* Then, by Rule IV, fink the Angles at A. | 
je- Hypotenuſe — 410 | 
re Half the longeſt Leg — 177.5 
Their Sum . e 587.5 


a 587.5, to 86: So CE 205, to the Angle oppolite 
A 30. 


N 205 5 ned The 1 at 4 
RR 
ie Although this Method be not altogether fo expedi- 


ious for oblique Triangles, . as the Calculation by Lo- 
arithms, becauſe you are obliged to divide every ob- 
ique Triangle into two right-angled ones, which 
ometi mes requires two Operations; yet I thought fit 
o inſert it to make the Method compleat, it being of 
dreat Uſe when Tables are wanting, and of ſufficient 
Fractneſs for moſt Uſes in Navigation; but the right 
ingled Caſes, as perform'd hereby, I ſhall recommend 
o the Reader, as a Thing ver uſeful, ſufficiently exact. 
ind as expeditious as any Method Gmmonly in Uſe. 


e P RS 5 SECT, 


IE Serke of Middle qr is to the 12 
5 x" the which I have propoſed for projeting Middle IJ 
__- plement, of Mat titude, and the. erpendiculal 


= - 8 neceffarily follow, that the Hyporenuſe muſt needs? 
_.---- preſent. the Difference of Longitude; which beil 


Es Tight-angled 


© 9 % 


. . . * N * n 
T. = * "BD. * 
<4 F n 5 % . £ 
n | . 
24 * a * © 4 1 
: * 
* 


8 E C r. rv. ; 
Han #0. * the Difference of Lon me, 

85. 4 Reckoning both in 3 and Long 
, by this New Method of Trigonometry, ( 
. to Navigatigp) without the Help of 
2 8] Tables or Infiriments whatſoever, accoraig 
to Middle Latitude, which is of ſufficient Exall 
neſs for the Working ſo ſhort 4 Diſtance a 
Day's Run, and conſequently 75 great 0 


Neviga ation. 


3 
% 


2 bor V 3 that in Middle Latitude 8 0 
| 1 there is a Proportion for fin 
BT het 5 erence of Lon gitude ; which is, _ As Si 


Radius to the Difference of Longitude. - 
efore, in Middle Latitude Sailing Geometrical, « 


tune Sailing, is by 1 2 right-angled x 
Triangle, le le at the Baſe is nal td the Of 


equal to the Departure; And then by that known Pi 
Portion of Oppoſite Sides, Oppoſite Angles, ir W 


5 chere is no more to 40 for finding the Dill 
"xence. of Lon Pane but only the Solution of the Wal 
riangle; of the ſeveral Varieties of whit 

52 have had fuffeient Inſtances in the fix Caſes! 
lein Sailing before going, where any two Parts bel 
given, the other two are eaſily found. Neverthelel 
That nothing may be wanting for the Reader's Inſtructio 
I hall inſtance in one Queſtion for Example's ſakt 
which 1 ſhall firſt work CER this New Method, and tha 
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4. Dee Long. by a New Method: - 129 (. 
WE Mcthod propoſed in Middle Latinude Sailing Tri. 
; and laſtly, ſhall work the fame by Mer- 


© 4 . N 


to let the Reader ſee the Suſſiciency and ExaQ- 


—_— + 


fails 


8 the Middle La- 


An 


the Ir angle A B C, FR. <= 
CE Bon RES 
e rede BG, is equal. to the Departure 40.5 q; 
Wh which are given to find the Fiybotenufe FC, ent 
W the Difference of Longitude: required; and here the. 
de oppoſite to the leſſer _ being given, I ſhall fing 
atural Radius by Method II. , 


ko = 
1 #4 


= 
— . 


a—<-+ 


And here obſerve, that 


3 Ken Queſtions of Plain Sailing, you need not 


"x. 25 
1 „ 
— 4 


* Diff Loy by «New Motos, Che 


N Fur finding Natiral Radius, by Method II. 


The Angle 32.7 ] Then, becauſe the Hypo 


Ns by its ſelf— 2.9 | nuſe 2 required, * Prop. 
IP 5 tion is, 


8 5 E WW. * Angle 32.7 IS to ig 
| TE Fi 1 oppoſite Side 40˙5 : 80 * 
$a. * as Ausl. 150 1069-29 29 tural Radius 60.5 to the tj 


Mult. by ———=} . | potenuſe. 8 
The 7 d & — 55 2 7 4 
e "| 69.5 werf 
© Divided" by 1000, che 25 a 
| e 3.207 Nr. 30.23 . 
it is exact enou 2 20.0 | 
_ call it 3.2, which add. add-' 2459-25 . 1. 


4; 25 - 57: Je 4, theSom x Sum is an 
The Produg of che Malt 


cal, 


and 
f | 


atural Ra 
42 required. ©. |cation is but 2450, the oll 
| two Figures being 'but a Dd 
mal Fradion, are to. be cut off; but becauſe the Din 
for 32.7. is a ; Decimal, I add one Figure to the Dil 
dend, as you ſee in the Operation above. | 
The Difference of Longitude is 74374, which withoi 
exactly regarding the Fraction, may be ſet down 5; 
And this Operation may be performed with great wi 7 
and Readineſs, with a little Practice, although I ni - 
' here ſer it down in Words : at e ro make it mat A che 
5 3 5 


61 
1 


1 it 1 

: Mit 

| The fork Queſtion RE Jeu hy ata "2 08) Mi! 
5 Sailing 1 | rigonometricals _ = 


P D Difference of Latitude and be ant by 
conſequently the Lat. come 'to, with Middle Lat. 
and Complement of Middle Lat. as in Caſe I of Mid 
Latitude 1 Tri * ometrical, Which be 25 to 
25 as above expr 


% e. 


ef. 4. Diff. of Long. by A New Method. 159 
Then for the Difference of Longitude. 
I Im” 


J As Sine Comp. Midd, Lat——=32 5 43 — 9.73 278 
tel Is to the Departure 40.5 — 1.60745 | 
Oh G is Radius — N 10. 0000 

1 To the Diff. of Longitude —— 74.9 1.87457 

, | 

y The foregoing Queſtion anſwer'd by Mercator's 


Sailing. | 
FIND Difference of Latitude, and conſequently the 


Lat. come to, as in Mercator's Sailing Trigonometri- 
cal, and you will find the Latitude come to is 36 d 33 m, 
and the Departure 40 or 40.5. „ 


Latitude ſaild from 58 d O0 2M erid. Parts 4294 


NY Latitude come to——56 33 4133 
it Meridional Difference of Latitude — 161 
. 3 | „ 
11 „ ny Oo Co. Ar. 
As proper Difference of Latitude 87 8.06048 

To Merid Diff. of Latitude — 161 ———2. 20682 
a is che Departure . 40.189243 
5 To the Difference of Longitude — 74.9. 1.87475 


And thus you ſee the exact Agreement of this with 
the true Operation, as performed by Mercator's Sailing; 
it not differing from it ſo much as one Quarter of a 
Minute in Longitude, in ſo great a Diſtance as 123 
Miles, and in a Latitude ſo near the Pole as 58 Degrees, 

where there is much more danger of contracting an 
Error than in leſſer Latitudes, or Voyages nearer the 


Equinoctial. 


1 | FRE CHAP. 


% 


Th" Application of the foregoing Rules to l 
the ſeveral Ninds of Navigation. © 


THE RE are four Thin very neceſſary to be know 
1 -by all that take upon — the Charge of Condud 
ing a Ship from one Part of the World to anothe, 
wlüch may properly be called the Practical Part of Ny 
vi P "A NUR” ES * in; 


he firſt is a right Underſtanding of the Compal, 
with "ie Src in — to the erde Rive 
The ſecond is the Log:line and Half- minute Gl 
that the Knots on the Log-line be a due Length, al 
that the Glaſs be a juſt 3 thereby voi 
may as near as poſlible find the true Diſtanſee. 
The third is the right Manner of taking and wor- 
8 Obſervation by the Sun by Day, or by the Stan 
by Night, thereby to find the true Latitude. and to 
correct the Dead Reckoning, if there have been any E- 
ror contracted either in the Courſe or Diſtance. 2 
And fourthly, having by theſe Means and Helps 
finiſh d your Reckoning, and being come near the de- 


fired Port, it is alſo neceſſary, that there be a right 


Underſtanding of the Tides, which Way the Ebbs and 
Floods ſets, and what Moon makes full Sea upon any 
Coaſt, that ſo it may be known how long to — at 

EN 88 


* 


ea. 1. Of the Variation of the Compaſi, 16 


Anchor, or lie by to wait the Tide, if you know you 
be too ſoon ; or what Sail to make to ſave your Tide, 
if you fegr being too late: And theſe four Things 1 
ſhall handle in this Part, and that in ſuch a Manner, as 
may be intelligible to the meaneſt Capacity, and moſt 
uſeful and eaſieſt to be put in Practice at Se! 


* 
> * 
— * PP — 3 — 
4 * * 1 2 9 « » oy *. aw» +4 
2 Us . 
« Po ＋ 
. * % ad «.# 
E GT * . % 
3 5 ! v1 2 . 
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Of the Variation of the Compaſs. .. 
PHE Way commonly taught for finding the Vari- 
ation of the Compaſs, is by the Suns Azimuth, or 


\mplitude ; but theſe Ways not being attainable by 
ul BY ny but them that hæd e learned ſomething of Aſtronomy z 


and being alſo treated of in other Books, I ſhall not 
ouble the Learner -with them, but: proceed to a far 
after Way, which is this: | ua att 
When you are at Sea, and deſire to know the Varia- 
tion of the Compaſs, take your Quadrant about 8, , 
or 10 a Clock, when you ſuppoſe the Sun is near about 
half up from the Horizon to the Meridian, and take an 
Obſervation of the Sun's Altitude, as you would do at 
Noon, to find the Latitude of the Place; which being 
done lay by your Quadrant (letting the Vanes remain 
junremoved) and by your Azimuth Compaſs (if you 


of the Compaſs the Sun is upon at that Obſervation. 
This done, wait till the Afternoon, till the Sun grows 


; noon, and then with your Vanes fix'd as in the firſt 
+. Wl Obſervation, obſerve till the Sun be ſo low as that the 
. anes ſo fixed will juſt take the Sun's Altitude without 


betore) upon what Point of the Compaſs the Sun is at 
a | | | M | 0 that 


have one aboard) ſet the Sun, and mind what Point 


almoſt as low as he was when you obſerved in the Fore- 


altering them; which done, obſerve immediately (as 


x62 Of the Variatian of the Compaſss Ch. 
that Obſervation: Then the Space between that Point 
which the Sun was upon at the firſt Obſervation and Thi 
dat Point upon which the Sun was at the laft Obſer cu 
vation, divided into two equal Parts, the Middle you 
the true South Point of the Compaſs, and: the Diſtana eit 
between that and the South Point of the Card, is tu he 
Variation required. | : | | 


Suppoſe at the Forenoon Obſervation J find the 90 
by the Compaſs to be Squth-Faft (it matters not whi 
his Altitude be, ſo you mind what it be, or elſe let th 
Vanes ſtand unremoved till the Afternoon) and ſup 
poſe in the Afternoon 1 find, when the Sun hath th 
ſame Altitude, that he bears Weſt South Weſt ; no 
the Diftance between South Eaſt and Weſt South Wa 
is ten Foints, the Half of that is five Points, whid 
reckoned from South Eaſt towards the Weſt Soul 
Weſt, it falls upon the South and by Weſt ; therefon 
I conclude that the South and by Weſt Point of MI 
Compaſs points to the true South Point, and the D ra 
ſtance between the South and by Weſt Point (whidlif 
is the true South) and the South Point of the Compile 
Cwhich we may call falfe South, or magnetical Sour 
is the Variation of the Compaſs ; and becauſe tir / 
magnetical South is Eaſtwards from the true Souti hoſt 
therefore the magnetical North is Weſtward from thrri 
true North. Hence T conclude, that the Variation ien 
one Point Weſterly, Cc. . 

In this Caſe there is only this Caution to be obſervi 
212, that this Obſervation be not made when the Siepe 
zs running very faſt Northwards or Southwards, wid b 
may make ſome ſmall Error, though ſcarce difcernible Fi 
for if the Ship ftoo1 a:. the Sun would have exatlM.cn; 
the ſame Altitude at 8, 9, , in the Forenoon, th the! 
it would have at 2, 3, 4, in the Afternoon; but if thr eed 
Ship fails very faſt to the Southward in North Latitud r e 
or to the Northward in South Latitude, ſhe raiſeth the ort 
Sun a little, and by Conſequence the Sun will be ſome-Wo, 
what higher at 4 in the Afternoon than 8 in the Mor'-Word 
= | 105 Walth 


F 
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int ng, and may cauſe ſome Error, but it is little, and a 
and Thing that ſeldom happens: And if it do happen that 
ſen our Courſe be North or South, and the Wind fo fair, 
u ou may refer your Obſervation till another Day, (ir 
na Peing not neceſſary to ſet the Variation every Day) and 
the nereby the Error may be avoided, and yet the Varia- 


ion exactly found as often as is neceflary. 
Note, I ſhall ſhew how to find the Variation by 
Whe Sun's Azimuth and Amplitude hereafter in the Aſtro- 


Sz „ 


ow to divide the Log-line, and try a Half 
Minate Glaſs. = | 


T HEY that take upon them to be Maſter, Mate, or 
pilot of a Ship, and would be very exact and ac- 
rate in the keeping a Reckoning or Account of the 
Whip's Way, ought to take care before they go from 


püde Shore, to be furniſh'd with all Things neceſſary 
r that Purpoſe : For the beſt of Scholars, the great- 
tt Artifis, the moſt profound Mathematicians, or the 
uh Wioft experienced Navigator, may be deceived, and 
thBWrried into groſs Errors, by a Detect in their inſtru- 
ny 


nents, or Means for keeping a Reckoning, as well as 
e more ignorant may be by a Defe& in their Know- 
edge; and fo far as they deſign that their Account ſhall 
lepend upon their dead Reckoning, they ought chiefly 
o be careful in theſe two 3 4 Et” 

Firſt, The Half-Minute Glaſs, that it be of a due 


he Ship by Eſtimation to run ſo much more than in- 


tit WWMlced ſhe does, and by that Means, perhaps, in a Month 
ude br 6 Weeks Sailing, you will expect to arrive at your 
| tie Wort, or make ſuch or ſuch Land, when indeed you are 
me- 


o, 60, ar 80 Leagues, or more or leſs ſhort of it, ac- 
ording as the Error of your Glaſs is more or leſs. And 
although it is bard to —_— true Halt-Minute Glaſs, 


ength ; for if it be longer than it ſhould be, it makes 


p f 


164 MO the Log line, and - Chap.) 
"yer there ire theſe two Ways to prove them, and kno 
"whether they are right or wrong. BF SONY ee 

The firſt Way is by an Experiment mentioned h 
Mr. Henry Phillips, in his Advancement of the Art of N. 

-0/;704tion, and alſo quoted by Mr. Seller, in his Prafiiy 

- Navie#ilon, and tis this: Take a Bullet of anycon 

petent Weight, it matters not, and make faſt to it; 

| Piece of fine Thred, or Silk, of the juſt Length of zz 
Inches; let their be a Nooſe on the End of the Threy 
and let the very End of the Nooſe be juſt 38<Inchs 
from the Center of the Bullet, (as I ſaid before) tha 
it up by the Nooſe upon a ſmall Pin, wheret 

may hang at Liberty, and ſwing freely, and ſo give 

Way, and each Swing ſhall be a true Second of Tim 

that is, each Time that it paſſes by the Perpendicuii 
let fall from the Pin on which it hangs, ſhall be 
ſecond; and every Time of its Return to the Ply 
where it firſt begun its Motion, is two Seconds of Tin 
and a Glaſs that runs till the ſaid Bullet hath made; 
"Swings ſhall be a true Half-Minute Glaſs. . 
A Second Way (if it may properly be ſo called) i 
by the Experience of thoſe that have had Occaſiont 
uſe a Glaſs in long Voyages; and having a Line rig. 
ly divided, by a Glaſs of fo true a Length, that tha 
dead Reckoning, when carefully kept, hath agreed vil 
the Truth of their Obſervations; and that their makin 
of Land, Cc. hath fallen out according to ExpeRatia, 
by the dead Reckoning; I ſay ſuch a Glaſs, or another 
of the ſame Length, ought to be preferred before at 
other, as a true Half-Minute Glaſs. 
A ſecond Thing neceſſary, in order to the Keep 
ing of a true Reckoning, is to take care that the Ly 
line be rightly divided; for although the Glaſs be tru; 
yet if the Log- line be divided into Knots too long d 
too ſhort, it muſt needs make an Error in the Reckoning 
according to the Proportion of the Error in Diviſion 

of the Line, if you work by a true Half-Minute Glab 
Indeed, if the Diviſions of the Log · line be too ſhort 
and the Glaſs alſo too ſhort, (or if both be too long 
' which is the ſame) then the one Error helps to compes 

fate the other ; but if the Faults in the Line and 2 


— 


2  Half-MinuteGlaſs, 1656 
aſs be contrary, that is, the one too long, and the 
ther too ſhort, the Fault is intolerable. | 


4. | As for the Length of each Knot on the Log-line, or 
fig dow it ſhould be divided, there are different Opinions 


nongſt different Authors and Navigators. Indeed it 
; an undeniable Truth, and apparent to all Mens Rea- 


„ that one Knot upon the Log-line ſhould be the. 
. Poth Part of a Mile; becauſe Half a Minute is the 
ha oth Part of an Hour ; (for as the Whole to the Whole, 
the Fart to the Part, Cc.) but the Difficulty ariſes 


om thedifferent Opinions, as to how many Feet, Yards, 
c. there is in one Degree of a great Circle upon the 
uth. Mr Ovghtred, in his Circles of Proportion, will 
Wave 66% Miles to anſwer one Degree upon the Earth, 
ich Mile containing 5280 Feet. Hence there is by his 
ccount, 349800 Feet in one Degree of a great Circle 
Pon the Earth, and 5830 Feet in one Minute, or 60th . 
Wart of ſuch a Degree, and conſequently the 120th 
Wart ofa Minute, or Length of one Laot upon the Log- 
Ine, muſt be 48 7! Feet. 7 5.9 
But Mr. Norwood, in his Seaman's Pratlice, p. 43. (re- 
Wing an Experiment of his for finding the Quantity of 
e Degree of a great Circle upon the Earth) ſaith, that 
e Degree contains 367200 of our Engliſh Feet to a 
Jegree, which Account, without any Allowance, wculd 
ve 51 Feet to one Knot of the Log line, although, for 
eaſons there mentioned, he allows 1 Foot out of the 
, and ſo would have one Knot of the Log-line to be 
i 50 Foot: But how far that Experiment of his is to 
: depended upon, (conſidering the Unevenneſs of the 
zround, and Crookedneſs of the Ways, and other In- 
pnveniences, which he could only give Allowance for 
ording to his judgment) and alſo how far that one 
oot in 51 may compenſate the Way that the Log makes 
ter the Ship, I ſhall not take upon me to determine. 
n the mean time I ſhall, with Submiſhon to better 
udgments, rather adhere to the Way of dividing the 


— og-line that is commonly received and uſed by moſt 
en wriners, I mean that of 42 Feet, or 7 Fathom to one. 
ch 0ot- Now it will preſently be objected, that accord- 


g ta that Diviſion for half a Minute, multiplying that 
: M 3 / "FE 
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166 Of the Log-line, &c. Ch. . 
by 120, for 1 Mile and that Product by 60, for! 
Degree, there is by conſequence but 302400 Pee 
in a Degree, which ſeems to contradiR, and intolerab) 
to vary from the Opinions of the ingenious Mr. Nori 
and other experienced Men in that kind. 2 [1 
L Lanſwerit doth not contradi& them, as leaſt ſo mu 
as at: firſt Appearance it ſeems to do; for one gra 
Reaſon why Iagree to theſe ſhorter Diviſions is, to gin 
Allowance for the Way that the Log makes after ti 
Ship; for although there is ſo much ſtray Line allow 
as may be ſuppoſed to veer the Log moderately well o 
of the Eddy of the Ship's Wake, yet it cannot be ſu 
poſed, but that ſtill the Log muſt have ſome Way aff 
the Ship, if but by the Weight of the Line, which if 
though but light, yet the Water being but a ſoft fu 
Subſtance, the Log muſt needs have a Motion after i 
Ship, and eſpecially ſailing large, and in a freſh C 
it cannot be but that the Wind will have ſo much EH 
upon the Log, and ſo much of the ſuperficial Part 
the Water, as to ſhove it along after the Ship, and t 
in my Opinion, much more than one Foot in 31. 
Indeed another Conſideration, which may be ui 
counted a ſecond Reaſon why I do adhere to that M 
of dividing the Line, is, becauſe if there is an Ern 
it is on the ſafer Side; for although the Truth is bai 
IF it could be attain'd, yet if an Error muſt be, tis dd 
rer that the Reckoning be achead of the Ship, th 
that the Ship ſhould be a-head of the Reckoning; ad 
better to look out for Land before we come at it, ti 
to be a-ſhoar before we expect it. | 
Bur my third Reaſon is, the Confirmation of ti 
my Opinion by the daily Pradice and Experience 
many, if not moſt Mariners, who uſe this Way, u 
find the Succeſs to anſwer their Expectations, at le 
much nearer than a much larger Diviſion would d 
Tis true, if the Generality of Glaſſes be, fo much tt 
ſhort, as to countervail thoſe too ſhort Diviſions, [ 
they are too ſhort ).it were to be wiſh'd, that the! 
Tors in one were rectified, and then the Faults in 
other might be amended; bur till then I ſhall recon 
mend that Way of allowing 42 Feet, or 7 Fathom, . 


7 Sc. 3. How to make a Plain Chart, 6 
ne Knot of the Log line, Indeed if it be, as it is re- 
ported by ſome, that to 'make Amends for the Short- 
Ae ſs of the Knots, the Glaſſes are commonly made but 
27 Seconds; and if ſo, then if the Glaſſes were regu- 
* lated and increaſed from 1 Seconds to 30, the Knots, 
by the ſame Proportion, ſhould be alſo increas d from 
42 Feet to 463 Feet to one Knot, which ſeems more 
agreeable to Reaſon, and to Mr. Norwood's Obſerva- 
tion. | | 
Note, When you divide the Log-line you muſt allow 
12, 15, or 18 Fathom of Stray-line, according to the 
; Bignels of your Ship, accounted from the Log, before 
vou begin to ſet out the Knots, and there put in a red 
W or white Rag, and from thence begin to divide the 
line into Knots. The Reaſon of the Stray-line is to 
veer the Log pretty well out of the Ship's Wake, left 
W the Eddy ſhould ſuck the Log after the Ship, and de- 
ceive you in your Reckoning. FT Va 
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HE Log-line being thus divided, and the Half. 


Thing is to make a Chart for the Voyage intended; and 
of Charts there are ſeveral Sorts. n 
The firſt is commonly called a Plain Chart, in which 
the Degrees of Longitude and Latitude are every where 
equal, without any Reſpe& to the Globulameſs of the 
Earth, but rather ſuppoſing the Earth and Sea to be 3 
plain Superficies ; and hence it is, that this Projection is 
falſe, except in Places under or near the EquinoQial. 
However, it being much in Uſe, I ſhall hy down the 
Projection of it as followeth. | | 
If you would make a Plain Chart for all the Earth 
and Sea, 'tis beſt to do it upon two Sheets of Paper ; 
| „ N 


Minute Glaſs examin'd and regulated, the nexr a. 


one Half ypon. each Sheet. Through the Middle of 
each Sheet, croſs-wiſe, from the right Hand to the 
left, draw the ſpotted Line AB, which divide into 
180 equal Parts, by any equal Parts of the Scale, a 
large as your Paper will contain, which you may mark 
at every 10 Degrees with Figures, 10, 20, 30, Gr. 
to 180, beginning at any Place where you intend to 
reckon your Longitude from, which ſuppoſe let be 
London, let your Chart begin at the Weſt or left Hand, 
and fo reckon Eaſtwards, as in the following Example, 
-where the two Charts contain all the 77 Degrees of 
$2 Longitude in Compaſs, and go Degrees of Latitude each 
Way from the Equinoctial. Then from the Middle of 
| the Chart, as a Center, draw the 32 Points of the Com- 
paſs, as you ſee done. Then for inſerting any known 
Place in the Chart, find by the Table of Latitude and 
Longitnde of Places what Latitude and Longitude your 
Place hath, and place it in that Latitude and 
Fig. 53. Longitude in the Chart; as for Example, 
2 Suppoſe I would inſert the Land's End & 
England, and the W. End of Cyprus in the Straits and 
would find their Bearing and Diſtance ; according to 
, the Plain Chart, I find the Latitude of the Land's End 
4 of England in the Table is 494 55m North, and Lon- 
, gitude 54 34» W. I reckon upon the Line AB,which is 
the Equinoctial, till J come at 5 Degrees, viz.5 of the 
ſmall” Diviſions, and as near as I can compute, ſome- 
what leſs than x of another ſmall Diviſion, for the 
14 Minutes, and ſetting one Foot of the Compaſſes in 
that. Mark, I extend the other to the next North and 
South Line, and running them up into Latitude 494 
55 *. I make the Mark to repreſent the 
Hg. 33+ 1 by the ſame Method I find the 
Weſt End of Cyprus, at the Mark a, then the 
Diſtance. between theſe two Marks taken in your Com: 
paſs, and applied to the Equinogial Line A B, account- 
ing every Degree 6D Miles, and every 10 Degrees 600 
Mules, gives the Diſtance between the two Places, ac- 
cording to the Plain Chart; and then for the Courſe, 
obſerve what Line, or Point of the Compath, a Lin 
13 5 N fuppoled 
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of ſuppoſed to be drawn between theſe two Places would 
the be parallel to, which in this Caſe you ſee is an E. S. E. 

oo W. N. W. Line, the neareſt Point repreſenting 
the Courſe required. OST I 
ark in like manner you may inſert any other Place whoſe 
J. latitude and Longitude is given; as for inſtance, I 
to have inſerted the following Places, which becauſe the 
be Draught is too ſmall to contain the Names at large, I 
id, Bi have repreſented them by the following Letters annexed 


to them. 


© the Lizard. | 

the Iſland of Cyprus, in the Straits, 
« Majorca, an Iſland in the Straits. 
b Barbadoes. — SITES - 
Jamaica. l 
b Cape Henry, in Virginia. 
o Bengall, in the Eaft Indies. 
d Cape Bona Eſperanza. : rs 
e the Naze of Norway. — | | 


Theſe are ſufficient to let the Learner ſee how to ſet 
| down the Places in a plain Chart. 8 

þ But ſuppoſe you are to fail from any one of theſe 
1s WF Places, or any other Place, to ſome other Port, it is 
ie beſt to make a Chart for the particular Voyage, to con- 
ce» WE tain only ſo much of the Earth and Sea as is contain'd 
ie between the two Places, or little more, and then you 
n WF may make your Degrees of Latitude and Longitude 
larger, as in the following Example. 95 


A Ship ſets ſail from Flamborough Head, in Lat. $44 
o8 » North, and Longitude od 10 W. intending for 
the Naze of Norway, in Lat, 58 d oo m, and Long. d 2 
Ez; Idefire a Chart made for that Voyage. "oP 


This Chart is made to contain from 54. to 58 of Lati- 
: tude, and from 16 to 21 of Longitude ; an 
Y then by the former Rules, the Point A repre- Fig. 54. 
| ſents Flamboroygh Head, and the Point © upon I 
ſhe oppoſite-Corner , is the Maze of Norway: Then 
% WOOD 2 . pe | | at 


| 270 Ho to make a Mercator Chart. Ch, 1 | 
at Flemboroygh-Head, the Place fail'd from, as a Centy 
1 deſcribe a Quarter of a Compaſs, which in this Ci 
7 always ſuſſicient, and thus is the Chart ready for t 
Voyage. | | = : if 

_ As Dor ſetting off the Courſes and Diſtances, or Difly 
- fence of Latitude and Departure, upon a Chart, cou 
monly call'd, Pricking a Chart, I ſhall refer it till 
come to give ſome Example of keeping a Journal by ti 
Log and Compaſs, 44 


' How to make a Mercator's Chart. 


 Mercator's Chart appears ſomewhat like a Phliy 

| Chart, only with this Difference, that whereas, il 
a Plain Chart, the Degrees of Latitude and Longitud 
are every where equal, it is not ſo in a Mercatay 
Chart; for in it the Degrees of Latitude bear the ſan 
Proportion to the Degrees of Longitude, that they 
upon the Globe; and the Invention of this Chani 
moſt properly owing to our worthy and ingenious Co 
try-man, Mr. Edward Wright, as may be ſeen in his Cay 
rection of the Errors of Navigation: However (I know 
not well for what Reaſon ) unjuſtly aſcribed to Meri 
Now although upon the Globe the Degrees of Latituſ 
are every where equal, and the Degrees of Longityd 
| leſs neurer the Poles; yet in this Chart it is 1 
10, but the Meridians are Parallels, and every what 
_ equal; as in a Plain Chart; but the Degrees of Lak 
"ht bigger near the Poles; ſo that in a Mercator's vl 
-Wrzbt's Chart, there is always the ſame Proportion by 
tween a Degree of Latitude, and a Degree of Longitu 
in any Parallel, as there is upon the Globe its fi 
though the Diſtances are extravagantly diſtorted, elpoy 


2 
"VF 

1 E 6 * 
=. 
: 1 


cially near the Poles. | 
Poor the Projection of this Chart, there are two Lina 
npon Guxater's Scale, commonly placed next the Bottom 
on khat Side upon which the Logarithmical Number 
Sines, and Tangents are; the loweſt of the two W® 
_ *Seale of equal Parts, and the next to it is called tit 
Meridian Line, by. the help of which, if you would 


42 draw a large Chart of all the World between 85 Degree? 
e North Latitude, and 85 Degrees of South Latitude 
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u muſt prepare large Paper, or paſte Sheets of Paper 
Wooether, till your Sheet contain about 5 each Way; 
rough the Middle of which draw the Equinoctial Line, 
vou ſee in the Plain Chart before inſerted, and gra- 
Wuate it with 10, 20, 30, &c. by thoſe Diviſions upon 
ie Line of equal Parts now mention'd, which done, 
nen you fee how far the 180 Degrees of ey p< 
each (if you make the Chart in two Parts, or the 360 
WDegrees, if you make it all in one Draught, as your 
heet of Paper 4 Foot ſquare will eaſily contain) and 
Where draw Lines at right Angles, with the Equinoctial 
: Line, as you ſee in the foregoing Charts, the Lines 
Ak, and DBE, Fig: 53- then theſe Lines graduatedfrom 
WA the Equinoctial, both Ways, by the Graduationsupon 
the Meridian Line upon the Scale, ſhall ſet off every Pa- 
allel of Latitude according to Mercator and when the 
Lines on both Sides are ſo graduated upwards and Gown. 
wards, from the Equinoctial, the Lines drawn from 
Wevery Degree on one Side to the ſame Degree on the 
Wother Side, ſhall repreſent the Parallels of Latitude re- 
Wquired. 1 J 
But becauſe theſe Graduations would be too ſmall 
Wto make a Chart by, for any particular Voyage, it is 
W better to make the Chart larger, and in that Cafe, the 
Want of a Meridian Line ſo large, may be ſupplied by 
2 Table of meridional Parts; for having drawn. the 
Equinoctial, or any other Parallel of Latitude, which 
Wis the ſame, for one Out- ſide of your Chart; ſet off 66 
of any equal Parts for every Degree of Longitude, bot 
at the Pop and Bottom of your Chart; this done, find 
(by the Rules laid down in Mercator's Sailing Trigono- 
metrical) the meridional Difference of ü. or the 
meridional Parts contain'd between that Degree and 
the next, rheſe taken from the ſame Scale of equal 
Parts, and fer from the laſt Degree mark d, ſhall find 
the next Degree, and ſo in tie reſt. 2 
The Rumbs, or Points of the Compaſs, are exactly 
the ſame as in a plain Chart. £ 
I échall explain what hath been ſaid by an Example ef 
2 Mercator's Chart, from Flamborou:h-Head to the Naze .. 
of Norway before mentioned. 
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'L 

"ID Lag» Long. 2 
Flamborouzh Head — 54 8 m—o LO. 
Naze of Norway 580 —6 2E 3 


It is beſt to make the Chart to a whole Degree, and 
in this Example I ſhall, as before, make it from Ly, een 
54 to 58, and g Deg. of Longitude. 


tha! 
Merid. Parts for Lat. 58 dl 1 8 [Pl 
Merid. Parts for Lat. 54 8 . 3878 uh 


Merid. Diff. of Lat. in the whole Chart —416 | 
Diff. of Longitude in the whole Chart —— 540 


Having drawn the Line d, ſet off the whole mer. 
dional Difference of Latitude 416, off any convenient 
Scale of equal Parts, from d to 4, and draw 4b, anl 
dc, perpendicular to d, and ſet off the whole Diff. 
rence of Longitude 9 Degrees, or 540 Min. from d to; 
and from 2 to, and draw cd; thus you have the who 
Fuſtance of your Chart. | | 

Then ſet 60 of the ſame Parts from d to o, and fron 
o to 1, and from 1 to 2, Oc. both upon the Lin 
dc, and upon the Line 4b, and draw the Lines o 
1 ——TI, Cc. thus is your Longitude graduated. 

Then for the Latitude, find the meridional Diffe 
rence of Latitude, between Lat. 54 and 55, which i 
103, therefore ſer 103 of the ſame equal Parts from 
to.55, and from b to 55, and draw the Line 55—=55; 
then find the meridional Difference of Latitude between 
Lat. 55. and Lat. 56, which is 106, which ſet from 5 
to 56, on both Sides, and draw the Line 5.55, an 
fo find alſo the Line 57 —57. Then upon the Center 
4 * repreſents the Place 1ail'd from, draw a Quar- 
ter of a Compaſs, the Rumb upon that Compaſs ſhews 
the true Courſe from Flamborouzh-Jead, at the Point E, 
to the Naze of Norway, at the Point , which you ſee 
differs much from the Courſe found hy the Plain Chart: 


The 


gect. 3. How to make a True Plain Chart. 173 
The Diſtance between any two places in a Mercator's 

Chart is thus found: Find the Difference of 

Latitude between the two Places, which here Fig. 55. 


is 3d 32, or 232 Minutes, which ſet off 

upon the Line 4b; take the 3 whole Degrees from 17 
o 20, and the 52 Min. in the graduated Degree, ac- 
counting every Part 10 Min. becauſe the Degree is di- 
vided into 6 Parts; then keeping your Compaſſes at 
that .extent, lay a Ruler ſo, as it may juſt cut the two - 
places, whoſe Diſtance is required; then ſet, one Foot 
Ef your Compaſſes at the Ruler's Edge, ſo as that the 
other turned about may juſt touch ſome Eaſt and Weſt 
Line, then keeping that Foot faſt that ſtood againſt 
the Ruler, open the other to the Croſſing of the Ruler 
and the ſaid Eaſt and Weſt Line, that Extent meaſured 
Jon the Parallel 2b, allowing 60 Miles to every Degree, | 
gives the true Diſtance required. | 
= Thus a Scale laid from # to ©, deſcribes the pick'd 
Line 4 ©, then with 3d 52 in your Compaſſes, and 
one Foot in h, the other turned about will juſt touch 
the Line 57 — 57; then obſerve where the Line 
8 $7—57 cuts the prick'd Line 4 e, as in &, the Ex- 
; hk, meaſur'd on the Line 4b, gives the true Di- 


How to make a True Plain Chart. 


UT a Third Sort of Charts I ſhall next deſcribe 
which is as true as Mercator's, and yet as plain, 
eaſy, and expeditious for PraQtice, as the Plain Chart; 
but it cannot be made but for a particular Voyage, and 
generally when you intend to come back the ſame Way 
you go, and it is thus made. + 
Having the Latitude and Longitude of the two Places- 
between which you are to ſail, find the true Courſe 
and Diſtance, by Caſe the Sixth of Mercator's Sailing, 
which found, ſer off the Courſe and Diſtance between 
the Place fail'd from and the Place bound for, as you 
are taught in Traverſe Sailing Geometrical ; ſo have you 
to 
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174 How to make a True Plain Chart. Ch, „ed 
two Points repreſenting the two Places, and if your Wn th 
Ship ſail upon ſeveral Courſes and Diſtances, in form of Nee. 

2 | Hamas; 4 as you are taught in Traverſe Sailing Ge Never. 
metrical, and ſo you may every 4 ſet off the Courſe Nafter 
and Diſtance from the Ship to the Place bound for, 2 © 
cording to Mercator, 400 yet tis done as eaſily as in 
Plain Sailing. I ſhall inſtance in the fore-mentionel 
Voyage. | 


TE | Lit. Long, 
_ AShipſails ee, eee, 8. od 10. 
Intending for the Nase of Norwæy— 58 0 — 6 285. 


Fr the Courſe, according to Mercator. 


As Merid. Diff. Lat. —— 4 2.61 
Is to Radius— — — 90d oon Ic. oo0⁰0 
dos is Diff. of Long. 372 —. 2.570% 
To Tangent of the Courſe — 41 48 — 9.95146 
| Then for the Diſtance. ; A 
As Sine Comp. Courſe —— 33d 22m —— 9.8714 Mk... 
Io proper Diff. of Lat. 232 —— 2.36586 ns 
So is Radius —— 90 0 =_ 10.0000) Nara. 
To the Diſtance — 292 —— 2.5935 hy 
rizc 


Here A repreſents Flamboroygh-Head, B the Naze of fro. 

3 Norway, the Line A the true Diſtance, 273 (wi 
Hg. 56. Miles, the Angle CAB 33d 22m, the | 
Courſe from the Meridian, and in this Chan Sur 

the Degrees of Latitude, are equal Diviſions, and r 
eaſily repreſented, but the Degrees of Longitude, cha 
it they are inferred here, would be curved Lines, WW you 
and hard to project; nor is it needful, ſeeing upon up 
this Chart you need not regard the Longitude 23 if be 
vou go along, but only the Courſe, and Diſtance upon il thi 
each Courſe, according to the Rules laid down in the Wi yo 


ſecond Queſtion of Traver ſe Sailing Geometrical. M. 
Having thus ſhew'd how to make the ſeveral Charts, Sti 

T ſhall ſhew the Uſe of them when I come to give ſome 

Examples of keeping a Journal, in which I ſhall _ 


vet, 4. How to take an Obſervation: t75 
n the fame Voyage for which theſe Charts are pro- 
ted, and ſhall ſhew the Learner how to prick off 
very Days Work upon each Chart; of which here+ 
Alter. 


ned 
SEC T IVV. 
. How to take an Obſervation. 


HE moſt uſual and eaſy Way to take an Obſerva- 


tion by the Sun, is with a Quadrant, commonly 


45 eall'd Davis's Quadrant, conſiſting of two Arches in 
„eme, a 30 Arch, and a 60 Arch; but more commonly 
ws of late, an Arch of 25 Degrees, and another of 65 ; 


Put the Way of uſing them is all one and the fame; for 
y theſe Quadrants you do not ſo readily find the Sun's 
Hltitude, but the Complement of the Sun's Altitude, 
ommonly(and properly) called the Sun's Zenith Diſtance, 


- 0 


* 


being the Sun's Diſtance from the Zenith, or Point right 
over our Head, which is eaſily found by one of theſe Qua- 
drants ; for having fitted your Vanes ſo, as that when you 
have the Horizon right through the Sight Vane and Ho- 
tizon Vane, the Shadow may at the ſame time fall directly 
from the Top of the Shadow Vane to the Top of the Slic 


70 W(which is the Middle) of the Horizon Vane; ſtill re- 
he moving the Sight Vane downwards, as you obſerve the 
1 Sun to riſe, till you find that the Sun is upon the Me- 
n 


ndian, and then you have done your Obſervation for 
that Day. This done, obſerve what Number or Figure 
Jou have upon the 60 (or 65) Arch, juſt under the 
on upper Edge of the Shadow Vain, (which ſhould always 
be placed upon an even 10 Degrees, to ſave Trouble in 
on Bi the Addition) and alſo obſerve what Degree and Minute 
he Bi you have upon the 30 (or 25) Arch, juft under the 

Middle of the Sight Vane, even with the Line or 
ts, Ctroke that goes from the Hole along the Middle of the 


Vane; 


1 
| 
| 
; 


—— 


the following Directions for working an Obſervatian, 


| from the Zenith of the Place, is the Zenith Diſtance, u 


- of Obſervation. 3 


n 

— 
of 
, 


176 How to work an Obſervation. Ch. 1 
Vane; and theſe two Numbers added together, the dun 
Is always the Zenith Diſtance, which is to be uſed ash 


How to work an Obſervation. 
T Here are but four Caſes, or Varieties in workin 
an Obſervation, in whatſoever Part of the Wort 
you be, or whether the Sun's Declination be North u 
South. | | 
The firſt is, when the Sun is between the Horizy 
and the Equinoctial, and then the Rule is, Subtng 
the Declination from the Zenith Diſtance, the Remaiy 
der is the Latitude of the Place. | 


Demonſtration; 


The Latitude of the Place is the Diſtance between 
the Equinoctial and the Zenith of that Plc. 
Fig. 57. The Sun's Declination is the Sun's Diſtance 
rom the Equinoctial: And the Sun's Diſtanc 


8 lement of the Sun's Altitude. Now if from 9! 
the Zenith Diſtance, you ſubtract GE, the Sun's De 
clination, there remains EE, the Latitude of the Plat 


| Example. 


Suppoſe the Suti's Zenith Diſtance be 76 Z ©, and tht 
the Sun's Declination South is E 16, ſubtra& e E the 
Declination 16, from & Z the Zenith Diſtance 76, there 
teſts E Z 62, the Latitude required. 


The ſecond Variety is, when the Sun is between tbe 
Equinoctial and the Zenith, and then the Rule is, Add 
the Zenith Diſtance to the Sun's Declination, the Sum 
is the Latitude of rhe Place: For if to @ Z, the Zenith 
Diſtance, you add & E, the Sun's Declination, the 1 
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4 | 
uns EZ, the Diſtance between the Zenith and the Equi- 


Waal; which is the Latitude required. 
Example. 


Suppoſe the Sun's Zenith Diſtance © Z 35, the Siin's 
clination North E 10, if to O 35 the 
Ins Zenith Diſtance, you add E © 10 the Sun's Fig. 58. 
Weclination, the Sum muſt needs be EZ 45, 

e Latitude required. 


The Third Variety is when the Sun is between tlie 
nith and the elevated Pole, and then the Rule is, 
btra& the Zenith Diſtance from the Declination, the 
emainder is the Latitude of the Place. i 


| E xampl P. 


Suppoſe the Sun's Declination be E 20, and the 
nith Diſtance Z© 10; ſubtra& the Zenith 
Wiſtance Z © to, from tlie Sun's Declination Fig. 59. 
© 20, there reſts E Z 10, the Latitude requi- 


Lb - 


TY | 7 
De The Fourth Variety is when the Sun is between the 
lace evated Pole and the Horizon, and then the Rule is, 


abtract the Sun's Complement of Declination from the 
_ Diſtance, the Remainder is the Complement of 
titude. : | 


is 5 Example. 
here i Suppoſe the Sun's Declination be 22, (its Comple- 


ent is 68) the Zenith Diſtance 85,, then from 
mth Diſtance @ Z 85, ſubtract the Comple- Fig. 62, 


the Went of Declination © P 68, the Remainder | 
add BF? 17, is the Complement of Lat. which ſubtracted 
Sum em 90, leaves 73, the Latitude required. ; 
aith But becauſe tis ſeldom that any fail ſo far North or 


Sum puth, as that they can conveniently take a backward 
s lervation by the Sun, 2 the elevated Pole, * 
5 f this 


- . 7 
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178 How to work an Obſervation. Cl 
this Caſe, it may be done by a forward Obſery 
and work with the Sun's Altitude or Height abo 
Horizon, and then the Rule is, Add the Sun's Alt 
to the Complement of Declination, the Sum is the 
titude; thus if in the laſt Example, you add they 
Altitude, O© 5, to the Complement of Decling 
© P 68, the Sum OP 73, is the Height of the 
above the Horizon, which is the Latitude of the N 
This ſame Operation will hold in taking an 
vation by a Star, when under the elevated Pole, be 
both here, and in all other Caſes in obſerving . 
Stars, we are obliged to take the Obſervation. fog 
becauſe a Star caſts no Light ſufficient for a back 
Obſervation, and then, inſtead of the Zenith Dii 
work with the Altitude. l: i 
In forward Obſervations, whether by Sun ot 
there are alſo Varieties, as in a backward 
vation, which I ſhall only ſpeak to, the Demonſt 
being being pretty evident from the foregoing Fig 
The firſt Caſe is, When the Star is between the 
noctial and the Horizon, and then the Rule is 
the Altitude of the Star to its Declination, the , 
the Complement of Latitude, which ſubtracted fr 
leaves the Latitude required. 6: dc 
1 - Secondly, When the Star is between the Equinl 
3 and the Zenith, ſubtract the Star's Declination fr 
56D Altitude, the Remainder is the Complement of Latll 
-- "Thirdly, When the Star is between the Zenith 
the elevated Pole, then ſubtract the Complement@ 
18 from the Altitude, the Remainder is thel 
rude. Þ 1 
The fourth Variety is ſpoke to in the fourth Va 
before going; and ſo much ſhall ſerve for the v0 
an Obſervation ; theſe Rules, if well obſerved, 
ſufficient for working Obſervations in all Lawn 


whether North or South, and ar all Times of the 
as a little Practice will make evident. 2 

It is poſſible to take an Obſervation by the Moon 
there are ſo many Things to be accounted for, as 
lax, Refraction, c. and the Moon ſeldom to be 
but hen ſome known Star may alſo be on 
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ving in this Book inſerted a Table of fixed Stars, their 
eclinations, Cc. I ſhall refer the Reader to it, the 
and Stars being ſufficient in all Caſes for taking 
dſervations. | 


"= 


1 1 = 
* 
"VEIN 4 "IE 


8 E C Bs V. 
How to reckon the Tides. 


# the General Motion of the Tides, and how to know the 
Time of High Water at any known Port, only by a Sight 
of the Moon at any Time of the Day or Night. 


hey that would be able to give a good Account of 
the Tides; or of the Time of High-Water or Low- 
ater, at any Port or Harbour propos d, it is neceſſary, 
order thereunto, that there be a right Underſtanding 
the original Cauſe of the Motion of the Tides, or 
dbing and Flowing of the Sea; a Thing which hath 
en often in Diſpute among the Learned, both Mathe- 
aticians and Philoſophers, whoſe different Sentiments 
ve rendred the Thing as dubious as when they firſt be- 
with it; ſome aſcribing the Motion of the Sea to the 
ift Motion of the Earth, according to the Cipernican 
ſtem, andthat the Water being a fluid Body, and not pre- 
tly acquiring ſo ſwift a Motion as the Farth it ſelf, 
muſt conſequently be higher Water upon one Part of 
2 Globe than upon another, and this they illuſtrate 
us: Suppoſe a Boat under Sail, with freſh Way, and 
{mall Quantity of Water in the Boat, it ſeems very 
uin, that the ſwift Motion of the Boat would make the 
ater incline rather towards the Stern of the Boat; 
t if the Boat, when ſailing with that Speed, ſhould 
coming aſhore, or ſome other Accident, meet with 
udden Interruption, and at once give over her Motion, 
e Water ſtill retaining in ſome meaſure its former 
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Motion, will preſently run to the Fore-part of the Boy, 
and by this they would ſome Way or other demonſtry 
that the Motion of the Tides depends upon the Motig 
of the Earth: But to uſe no other Arguments for tt 
Confutation of this Opinion, the Abſurdity hereof vil 
appear in this; that if the Motion of the Earth ven 
he original Cauſe of the Motion of the Tide, then th 
Tide muſt neceſſarily follow the Motion of the 
(or to our Appearance the Motion of the Sun) and © 
ſequently it muſt always be High-water at one P 
at one and the ſame Time of the Day; but the em 
trary is ſo evident to all, that there needs no more 
ſaid to diſprove it, | | 
Others ſay, the Flowing of the Tide is occafionh 
2 great Confluence of Water proceeding from the Mu; 
ſtream, (called by ſome the Navel of the Sea) being(s 
it is reported) an Eddy, or Whirl-pool, under te 
Weſt Coaſt of Norway, or Finmerk, from whence (ii 
ſaid) during the ſix Hours Flood, the Water iin 
violently out, and occaſions the Riſing or Flowind 
the Water in all the adjacent Parts, and finks withik 
fame Violence during the Ebb; ſo that it is ſaid, ti 
during the Flood, the heavieſt Metal will not fuk, 
and during the Ebb, the lighteſt Subſtance, or the A 
of Ships, will not ſwim ;- but what Reaſon they i 
give why this Ebbing and Flowing ſhould be regular 
and governed by the Motion of the Moon, I do not i 
derftand, unleſs this Iſſue of Water be ſupplied by ſa 
Communication that it hath with the Eaſtern Seas, 
ſome Paflage under the main Continent of Norway; it 
this being an Uncertainty, we ſhall wave it, as nl 
as the Opinion of a third Sort, who affirm that G 
who created all Things, gave Life to all his Creatur; 
and that the Ebbing nnd Flowing of the Sea is no m 
but the Breathing of the Earth, which ſeems to mei 
very odd Fancy, and not worth inſerting, had it nb 
been in this Collection of the various Opinions of th 
Learned upon this Subject. I ſhall amongſt the reſt, & 
Kver mine own Opinion in the Matter; and althoud 
I do not think my ſelf able infallibly togive a definitit 
| Sentence in the Caſe, yet I ſhall endeavour to prove! te 
| . — 
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o be conſiſtent with the Obſervation and Experience of 
ur Mariners, and ſhall anſwer what Objections can 


1 iſily be made againſt it. | | 

emu I is evident to all that own thy Rotundity of the 
neo Eat, (a Thing generally out of Controverſy amongſt 
ute Learned) that there is a Principle of Gravitation 
a0 owards the Center of the Earth, and that this attra- 
en ire Influence is diffuſed to all Beings whatſoerer 
Ply thin the Orb thereof; and hence it is, that we that 


mabit the Earth find no ſuch Thing as an upper fide 
nd an under ſide of the Earth, bur in all Parts of the 
Wuperficies thereof we find a like Natural Tendency to- 
pards the Center thereof, as is evident by the Experience 
f thoſe that have ſail'd about the World, and yet in 
heir ſo far different (if not diametrically oppoſite) 
Places that they have fail'd to, have found themſelves 
Ind every particular thing to have the ſame preſſing In- 
flination towards the Center of the Earth, which ſeemed 
Wo them to be downwards, as well as it doth to us. Now 
we grant the Earth this ſtrong Principle of Gravita- 
ion, Inclination, or Attraction towards its Center, 
rhich Reaſon and common Experience proves, we 
ave reaſon from thence to believe, that the other 
Wodies, as the Sun and Moon, have the ſame Principles 
x Gravitation towards their Centers, (which may be 
proy'd by ſome Reaſons, which, to inſert hers, would 
de too great a Digreſſion from the preſent Subject) which 
being granted, I ſuppoſe the Ebbing and Flowing of 
the Sea to be occaſion'd by the Attracting of the Sun 
and Moon (eſpecially the Moon being a ſecondary Pla- 
net, which moves far nearer the Earth, and reſpects it 
for her Center) the Strength of which AttraQion, al- 
though it cannot have any 8 upon the ſolid Part 
of the Earth, yet the Water being a fluid Subſtance, is 
more eaſily affected with this attracting Power, and by 
Virtue thereof (while the Earth retains its round 
Form) the Water is gently ſuck d and drawn into an 
oval Form, by reaſon of its inclining Tendency towards 
thoſe attractive Bodies, thereby cauſing High-Water 
where the Ends of the Oval is, and conſequently Low-Wa- 
ter at the Middle of the Oval, as may be demonſtrated 
1 N 3 thus: 


* 


ſecandary Planet, reſpecting the Earth for her Center), 
. c SY 
It: 
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thus: Suppoſe two Hoops made of any flexible Subſtanceꝝ 
Wood, fine Steel, Cc. of equal Dimenſions, and laid 
directly one upon the other; and then if from oppoſite 
Points the uppermoſt were extended into an oval Form. 
it is evident, that as the extended Part or End of the 
Qval is drawn without the round Hoop, the two Side 
or Middle of the Oval, will be contracted and pull 
within it; and ftill, as the tranſverſe Diameter of the 
Oval were extended and augmented, the Conjugate, 
ſhorteſt Diameter, will be contracted and diminiſhe, 
which plainly demonſtrates how the Water, when bya 
attractive Power it is dran above its mean Elevation, xt 
the End of the Oval, it muſt needs be depreſſed below in 
yſual Poſition at the two Places a Quarter diſtant fron 
theſe two oppoſite Points, which Elevatiqn and De. 
pen is the Occaſion of High and Low-Water, whic 

jappens at (near) fix Hours Diſtance, between Hh 
and Low-Water, and confirms the Truth hereof, whit 
is alſp eyident by the following Reaſons. 

_ Firſt, Becauſe the Motion of the Tides generally fd. 
lows, and is governed by the Motion of the Moon; f 
that the Moon being upon one and the ſame Point d 
the Compaſs, makes High- Water at any particular Pla 
at one and the ſame Time, (unleſs accelerated, or i 
tarded, by Winds, Land-floods, or the like) by whid 
it ſeems very probable, that the Moon is the principl 
Agent in this regular Motion of the Sea ; and if ſo, then 
nothing more likely than that the Influence of her 2. 
tractiye Power drawing the flexible Subſtance of Water 
into an. elliptical or oval Form, as before aſlerted, i 
c 

Hut ſecondly, It is obſerved by all, that the Spring 
Tides, (2e. at the New and Full Moon) are greate 
han the Neap-Tides, (which are at the firſt and ll 


uarters) by which it ſeems evident, that although, 4 
as Iſaid in the laſt Paragraph, that the Moon is the prince 7 
pal moving Cauſe of the Tadew yet the Sun having al BF 
the like attracting Power, hath an Influence upon the ti 
Water alſo, although not ſo great as that of the Moon, - 

becauſe the Moon is much nearer the Earth, and is 2 le 
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ind therefore, when the Sun and Moon are in Con- 
unction (as at the New Moon) or in Oppoſition, (as 
it the Full Moon) then the Tides are greateſt; becauſe 
he attractive Influence of the Sun is added to that of 
he Moon, and both raiſe the Water at one and the ſame 


nz. when the Sun and Moon are about 90 Degrees, or 
Quarter of the Zodiack diſtant, then the attractive 
nfluence of the Sun rather impairs that of the Moon 
he one raiſing the Water where the other depreſſes it; 
0 that although, for Reaſons before given, the Influ- 
nce of the Moon's Attraction upon the Water is greater 
than that of the Sun, and therefore the Tides follow 
he Motion of the Moon, and not of the Sun, yet their 
Wontrary Influence leſſen the greater Influence, v ig. that 
ok the Moon ; which is the Cauſe of the Neap-Tides : 


Ind this may alſo be illuſtrated thus: Suppoſe a Hoop 
Wor Steel, or any flexible Metal, be faſtned to any Place, 
if a Man with a Rope fixed to one Side thereof ſhould 
Pull with all his Strenth at the ſaid Rope, it would 
make the Hoop decline into an elliptical or oval Form; 
Put if another Man, though of inferior Strength, 
ſhould fix 'a Rope in the ſame Place where the firſt was 
xed, his Strength added to the firſt would make the 
Ring or Hoop yet more elliptical, -and would ſtretch out 
the tranſverſe Diameter thereof yet longer, in Compa- 
riſon of the Conjugate, But 1 the firſt Rope remain 
fred as before, and the other, managed by inferior 
strength, be removed a Quarter of the Hoop's Diſtance 
from the firſt, then, although the Ellipſis will in ſome 
Meaſure retain its oval Form, inclining to the ſtronger 
Attraction, yet the Power of the contrary Attraction 
will depreſs the other, and cauſe: the Hoop to retain 3 
Form at leaſt nearer to a true Circle, than as if the 
Attraction were all in one place ; and this plainly ils 
luſtrates the different Attractions, cauſing different Tides, 
222, when the attractive Powers are united, their In- 
fluence is greater, cauſing the Water to be more ellip- 
tical, thereby occaſioning Spring Tides, as at the New 
and Full Moons; but when the attractive Poweis are 
ſeparated, as at the firſt and laſt Quarter of the Moon, 
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Place, making the Spring-Tides. But at the Quarters, >. 


134 Of the Tides | | Ch. f 
the Influence of the greater is not ſo apparent, which iz 
at the Neap-Tides. | | | 
But my third Reaſon is, Becauſe we ſee that the 
Spring Tides at the Equinoxes, viz. in March and 
September, are commonly higher Tides than the Spring 
Ties at the Solſtices, viz. in June and December; the 
Sun, and alſo the New and Full Moon, moving in ar 
near the Equinoctial, in a right Aſpe& to the Earth, 
whereas their Influence is ſomewhat impeded at the 
Solftices, by their more oblique Poſition to the Fart, 
All which ſeems plainly to prove, that as the Tides ar 
regulated and governed by the Motion of the Moon, 0 
her attractive Power, together with that of the Sn 
when joined with it, is the Original Cauſe thereof. 
Nov againſt what hath been ſaid, there ſeems tw 
rand Objections to ariſe ; the firſt is, that if the Tide 
2 govern d by the Moon, and if her Attraction be the. 
Cauſe thereof, her Diurnal Motion being from Eaft i 
Weſt, it ſhould follow that the Flood-Tides ſhould in 
all Places ſet Weſtwards; but daily Experience prova 
the contrary.; for it ſets in ſome Places South, as upa 
the Coaſt of England, and in ſome Places North, x 
npon the Coaſt of Holland ; yea, and in ſome Places 
Faſt, as in the Britiſþ Channel, which makes again 
y former Aſſertion. | | © 
A ſecond Objection is, that if the Tides be cauſed by 
the Moon's Attraction, it ſhould be High-Water at al 
Places, when the Moon is upon the Meridian of the 
Place, or that a North and South Moon ſhould make 
full Sea in every Place; but the contrary is evident by 
the Tide-Tables, and by the Experience of all Sailors. 
In Anſwer to the firſt, viz. that the Flood-Tide 
fhonld ſet Weſtward in all Places, (the Anſwer to 
which will alſo partly imply an Anſwer to the ſecond 
bis, that it ſhould always be High-Water at any Place, 
when the Moon is upon the Meridian of the Place) I 
grant that if the Tides be occafion'd as before aſſerted, of 
then this regular Motion of the Sea, from Eaſt to Weſi, lh 
muſt neceſſarily follow, if this terraqueous Globe were ill » 
ually environ'd with Water, and that the aforeſaid E 
Motion of the Sea were not interrupted by the _ Y 
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but it is evident, eſpecially where the Sea joins imme- 
liately upon the Weſt of any Main Continent, that the 
Flood cannot ſet Weſtwards there ogg that would 
de right from the Shore; as for Examp , Suppoſe the 
Prhole Land of Europe and Africa were all one Main 
Continent ; and ſuppoſe the North Cape of Finmark, in 
bout Lat. 71 North, and the South Cape of Africa, in 
bout Lat. 34 South, were both under one Meridian, 
ind that this Main Continent were terminated on the 
eſt with a ſtrait Coaſt, lying under the ſame Meridian 

hat the two extream Points, the North and South 
Tapes, lie under; now it is plain, that the Tide cannot 
Wome from the Eaſtward upon this Weſt Coaſt ; but if 
Whe Tide be cauſed by this Weſterly Motion of the Sea, 
Wccording to the Motion of the Moon, it muſt ſet Weſt- 
Nrards, about the North and South Parts of the ſaid 
Continent, and ſo proceed from the North Cape South- 
ard, and from the South Cape Northward, along this 
Weſt Coaſt ; and the Truth of this ſeems evident alſo 
from our common Experience; for we find, that the 
Flood proceeds from the Northward, along the Coaft 
Jof Norway, and there finding a Paſſage between Scotland 
and Norway, marches along the Eaſt Coaſt of England, 
Wand hence it is High-Water ſooner in Scotland than in 
England, and ſooner on the Coaſt of the North Part of 


Y agland than on the South Part; thus it is High-Water 
al Wet Aberdeen in Scotland, 45 Min. after Moon's Southing, 
the but at Tinmouth Bar, not till 3 Hours after, and at the 
ke n 5 Hours and 15 Min. and at Cromer 6 Hours, and 


at Yarmouth: Peer 9 Hours, and at Harwich 10 Hours 30 
Min. after the Moon's Sourhing : the Tide, at the ſame 
de lime being rowling along the Weſt Courſe of Scotland 

to nd from thence to the Weſt Coaſt of Ireland, the Paſ! | 
nd, age between the North-Eaſt Part of Ireland, and the 
ce, WF outh-Weft Part of Scotland, being fo narrow, that the 
) | WF Tide finds little Paſſage; and therefore the Eaſt Coaſt 
>, of /rcland is ſupplied by « Tile which ſets Southward 
ſt; along the Weſt Coaſt; and hence the Tide flows Eaſt- 
re ward, along the South Coaſt, and Northward along the 
id Eaſt Coaſt thereof, as is evident by the Time of High- 
1 Water obſerved in the Tide- Table; for upon the _ 
0 ; ads a0 aha | | - wor 
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and Change Days, it is High-Water at Seyn- Head at 10 
Hours 30 — from thence in 6 Hours it paſſes along 
the Weſt Coaſt, and butts in upon the South Coaft, ſo 
that at 4 Hours 30 Minutes it is High-Water at Ki. 
Sale, Cork and Waterford, and from thence in 45 Minute, 
more, it Paſſes over to Milford, Lundy, Cc. and at the 
ſame time it ſlides Northwards, along the Eaſt Coaſt of 
Ireland; ſo that in 3 Hours 45 Min. it flows from Water. 
Ford to Dublin, and in 45 Min, more to the Iſle of May, 
c. Thus the — — of the Tide to the South. 
ward, having, as by a Branch proceeding from thence, 
fill'd up all the Vacancy between England and Jrelani, 
it proceeds ſtill to the Southward, and upon the Full and 
Change Days, it is High-Water at the Land's End cf 
England at 7 Hours 30 Min. and in its unwearied Motion 
to the Southward it finds a Paſſage up the Britiſh Char- 
nel, and 45 Minutes after High-Water at the Lands 
End it is High-Water at Portland, and in 3 Hours 33 
Min. more, it is got up to the Iſle of Whight, Southanj- 
ton, and Portſmouth being High-Water at the ſame 
Time on the other Side of the Channel, upon the Coaf 
of France, about Guernſey and Ferſey,' and ſo proceeds 
flowly along the Coaſt of France and Holland ſtill to the 
Northward, being ſupplied by a Tide up the Channel; 
and this (to follow it no further )may ſufficiently prove, 
that the General and Original Motion of the Tide Welt 
wards occaſions its Motion to the Southward along the 
Coaſt of Norway, and conſequently all its compounded 
Motions and Branchings into the 1riſb Sea, the Channel, 
c. And it js evident, that although the Tide, if not 
interrupted, ſhould beat the Height where the Moon is 
upon the Meridian; yet it finding ſo many whirling 
Motions to and fro between the Lands, the Moon, at 
the ſame Time, keeping her ſtrait and uninterrupted 
Motion to the Weſtward, all the Time that thoſe irre- 
lar Vacuities are filling up, it is plain, that the Moon 
- muſt needs be paſt far from the Meridian before it can 
be High-Water at ſome of thoſe Places, and yet the 
Tide occafion'd as before aſſerted; which I think will 
ſpficiently anſwer the two Objections before mention © 
| EY an 
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Lg prove this Hypotheſis to be very conſiſtent with Rea: 


nn its ſelf, and the Experience of all Obſervers. - 4 
10 Now if any Body will ſtill inſiſt further upon what I 
: ninted upon before, viz. That the Tide is occaſion d 
utes by a Confluence of Water ariſing at the Mael-ſtream, or 
the Na vel of the Sea, and proceeding from thence, Cc. and 
to Nor Confirmation thereof will alledge, that they have 
ter een and obſerved this regular Riſing and Sinking of 
ar, the Water (before ſpoken of) at that Place; I anſwer, 
th- ran eaſily approve of this Opinion, without denying 
ce, mine own hitherto aſſerted; for they are very eaſily 
iu reconcilable; ſince it is poſſible, and very probable, that 
nd this Ebbing and Flowing, at the Mael-ſtream, may be 
| of occaſion'd by ſome ſubterraneous Cavern, whereby this 
aon Place hath ſome Communication with the Eaſtern Seas, 
[le 


and is ſupplied from thence ; which being granted, it 
will follow, that while the Tide (whoſe general Motion 
+) {Wis Weſtwards ) is interrupted by the Continent of Norway, 
.. and thereby is forced to find a Way about the North 
me Cape; yet by the Way, finding this Paſſage under 
aſt Ground, and the Tide, by Virtue of the Moon's At- 
ed traction, inclining that Way, there may be ſuppoſed 
ne to be ſo much Water convey d that Way as that obſcure 
|; WW Paſage can contain, though far ſhort of ſo much as to 
'e, WW occaſion that Flowing and Ebbing that is obſeryed ; and 
this being granted, it is eyident, that this Riſing and 
he Falling at the Mael-ſtream, muſt needs Keep time with 
the Motion of the Moon, and of the reſt of the Tide ; 
eh becauſe it proceeds from the ſame Original, and is a 
ot ſmall Branch thereof; and this we may ſee illuſtrated 
by our common Rivers, whoſe Natural Motion, when 
n Wi interrupted by Banks, or other Impediments, cauſeth 
al Wi the main Body of the Water to find a Paſſage ſome other 
ed Way; yet if at the ſame time, any ſmall Holes be found in 
e tte ſaid Banks, there will always ſo much Water paſs 
on thereby as the ſaid Holes can contain; tho' the main 
an Body of Water is forc'd another Way: Hence, from 
ic what hath been ſaid, it is plain, that this ſmall Flood 
il and Ebb obferved at the Mael ſtream, muſt needs haye 
d, the ſame regylar Motion with the reſt of the Tide, 
d Which I ſuppoſe has at firſt occaſtoned, and ſince ſeem'd 
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co confirm that Opinion that the Tide proceeds only 
from thence. | 
To what hath been ſaid I ſhall only add, that thi 
that I have here aſſerted ſeems yet to be further confirmed 
by our Obſervations abroad; for it is obſerved, that 
.  rhereis little or no Tide at the Straits of Gibralter, ng 
upon the Coaſt of Guinea ; nor can it be expected, 2. 
cording to this Hypotheſis ; for if the Tide comes fron 
the Northward, it may be ſuppoſed, that by that Tine 
that it hath paſſed ſo far along, and having ſo many V.. 
cancies to fill up, as the German Ocean, the 1 0 Sea, the 
Britiſh Channel, the Bay of Biſcay, &c. its Power muſ 
be very much impair'd, if not totally exhauſted, befor 
it comes ſo far as the Coaſt of Africa before mentioned, 
Now it may be queſtion d, what is the Reaſon that 
there is little or no Tide in the Baltick Sea, ſeeing 
there are ſtrong Tides almoſt on every Side of it, 2 
upon the Coaft of Norway on the North of it, on the 
| Coaſt of Holland on the South, and on the Coaſt of Ex. 
land on the Weſt of it, &c. _ | 
I anſwer, It is hard to determine abſolutely what i 
the Cauſe thereof; but I ſhall lay down ſome Conj 
ctures, which may conduce very much that Way ; fot 
if it was High-Water at the Naze and Coaſt of Noray 
at the fame Time that it is High-Water upon the Cot 
| of Jutland Southward from the Baltick Sea, it muſt need 
force a Tide into the Ba/t:ck Sea, as well as High- Water 
| upon any Coaſt forces a Tide up the Inland Rivers there; 
bnt this cannot reaſonably be expected, if weconſider, thut 
the Tide along the Coaſt of France, Holland, and Futlanl, 
proceeds from the Britiſh Channel, and comes from thence: 
. along the ſaid Coaſts of Holland, Cc. but 
the Tide upon the Coaft of Norway ſets to the Southward, 
as hath been largely proved, the two Tides both term- 
mating at the Mouth of the Baltick Sea; hence it is ve} 
_ probable, that it may be High-Water upon the Coal 
of Futiand, when it may perhaps be Low-Water, or 
ſome intermediate Tide, at the Naze, or South Coaſt of 
Newiy; and if fo, it cannot force a Tide into the Bal 
ties dea, but rather a ſucking Current, or Inclination 8 
| the 
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, the Sea from that place on one Side of the Mouth of 
nh the Baltick Sea where it' is High-Water, to that Coaſt 
hi on the other Side where it is Low-Water; and hence ir 
will neceſſarily follow, that this Current muſt ſet ſome- 
b times one Way, and ſometimes another. And this may 

be aſſign d as a Reaſon why many have found themſelves 


CB zeceived in their Reckonings, when intending to make 
8 the Naze, or other Lands thereabouts; and when they 


have imputed their Miſtake to a Current ſetting towards 
that Point of the Compaſs towards which they have 
found themſelves unexpectedly carried, thinking thereby 
to regulate their future Reckonings, they have found 
themſelves at another time under a quite contrary 
Frror, and hence have concluded that there was no 
Current at all, but ſome other Thing hath been the 


. Cauſe of their Error; whereas, if the Tides upon the 
5 Coaſts oh. Norway and Jutland, viz. on each fide of the 


Mouth of the Baltick dea, were carefully obſerved and 


tie determined, and the Current allow'd to run or ſet from 
che Higheſt Water to the Loweſt, (upon which of theſs 
1 Coaſts ſoever it were) and to be at a Stand, only when 
ib the Water upon both the ſaid Coaſts. were of equal 


[Height Loring Riſing or Falling) I queftion' not but 
that the Motion of this Current might thereby,be limited 
and determined, as well as the Motion of, the Tides 
n elſewhere, and due Allowance might be given for the 
Current there, as well as for the Ebbs and Floods in 
| other Places, to the great Satisfaction and, Advantage 
hat of thoſe that uſe the Eaff-Country Trade. 
This Motion of the Tide thus granted, Iſnall next 
ſhew how to find the Time of "he Moon's, Southing, 
and (with a little Application) the Time of High- 
Water by a Sight of the Moon, at any Time of the 
Day or Night. „„ op CC 
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190 L O the Tide. Ch, 1 
How to know the Time of the Moon's Coming lf 
South, only by a Sight of the Moon, at any Tim - 

- of the Day or Night. . of 


II is commonly knowri, that the New Moon bein; Ce 
in Con junction with the Sun, ſouths at Noon, ni Will 
the Full Moon being oppoſite to the Sur, Ml *! 
Fig. 61. comes to the South at Midnight; and « th 
3 the Quarters, when ſhe is juſt half ful Wl ® 
22. to the Line N. 6 S, which croſſes the Pig Will * 
directly in the Middle, then the is South at 6 « Mil ff 
Clock, and if the light Half be on the Weſt Side 1 
N. WS, and ſhe half full; the ſouths at 6 in the Ever. t! 
ing, as at the firſt Quarter; but if the light Half be on {Wl * 
the Eaſt Side, N. ES, the ſouths at 6 in the. Morning, 
which granted, the Moon's Coming to the South upon 
any other Phaſis, or at any intermediate Age, may be 
eaſily gather d from the Figure obſerving this Ge. 

neral Rule; When you ſee the Moon at any Time dt 

the Day or Night, obſerve as near as you can, how 
of the Moon is light, whether on the Eaſt or Wel 
Side, and compare it as near as you can with the F. 
-gure, conſidering to which Line in the Figure you ſup- 
folk the light Part will reach, and obſerve what 
Number is upon that Line, for that is the Hour at which 
the Moon will come to the Meridian that Day or Night; 

as for Example, RD ON WW; 
©_ Suppoſe. I obſerve the Moon, and find her ſomewhut 
more than half light on the Eaſt Side, ſo that comparing 
the Moon with the Figure, I ſuppoſe the Light Fart © 
appear like the Light Part of the Figure ; then I obſerve 
to what Number the Light Part reaches; and I 6bſerve 
it reaches to the Number 5; and hence I conclude, thit 
the Motion comes to the South about +5 a-Clock ; and 
becauſe the Light Part is on the Eaſt Side, I conclude 
it is at 5 in the Morning the will be upon the Meridian. 
Again, Suppoſe I ſee her in the Evening, and the 
light Part on the Weſt Side, as near as I can compute, 
to be like the darker Part of the Figure, towards the 
right Hand, then obſerving how far the light Part en. 
, EL tends 
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tends, I ſee it comes to the Figure 5, and becauſe the 


„ aht Part is on the Weſt Side, I conclude ſhe will be 
L &cuth at 5 in the Evening, Cc. 
1 ins And thus as you obſerve the Moon two or three Days 
after the Change to appear in the Weſt in the Evening, 
Vith a very little Light on the Weft Side, which 'by. 
bein; i Computation may be ſuppoſed to come as far over the 
:n} Moon's Body as the Figure 3, I conclude ſhe has been 
Sun upon the South that Afternoon about 3 a-Clock, and 
dau the next Night you will obſerve the Light to increaſe, 
fu and come towards the Figure 4, I conclade ſhe was 
our: (WY South that Afternoon between 3 and 4, or near 4, and 
6 4 then perhaps 5 or 6 Days after, I obſerve the Lighr Part 
5:4. WY increaſed beyond half the Body of the Moon, as far as 
ver! the Arch N.8.S. I conclude from hence, that the 
e Moon is South about 8 that Night; and altho* this Me- 
ing thod is not ſufficient to find the Moon's Sonthing exaQ- 
1pon ly to a Minute, yet it is of ſufficient Exactneſs for 
7 be reckoning the Tides, where a Quarter of an Hour, or 
Ge. Halfan Hour, make no material Error, it being gene- 
rally impoſſible to predict the Tides to the abſolute Ex- 
100 actneſs of a Minute, although you had the Moon's South- 
ven ing exactly, becauſe Winds, or Land Floods, Cc. may 
Fi. alter the Tides, and few that have the Charge of a Ship 
ub: will truſt to the firſt or laſt Seruple of the Tide for 


tir going into an Harbour, or coming our, but will endea- 
ich  vour, if poſſible, to have the beſt of the Tide, and to be 
bt: ready for it againſt it come, whether Ebb or Flood. ) 
The Moon's Southing being thus found, the next 
ha: Thing is to ſhew how thereby to find the Time of High- 
ins Water, at any known Port; and for an Help thereunto, 
% WJ | have inſerted a Tide. Table, in an Alphabetical Order, 


e in which you need but find the Name of rhe Port, at 
Th which you would know the Time of High-Water, and 
11 againſt it you have a Number of Hours and Minutes, 
oF which added to the Time of the Moon's Southing, gives 
de che Time of High-Water at that Place that Day; as for 
Example, 1 | 


Suppoſe I were lying before Tinmouth-Bar, waiting 
| for half Flood to go in, I happen to fee the Moon in 
J the Morning, and 1 obſerve the Eaſt Side of the Moon 
l b FEM to 
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to be light, like the light Part of the Figure befor 
ſpoken of, g. It is by Computation ſo much above half 
the Body of the Moon, that the whole light Part reach 
eth to the Figure 5.; and becauſe the Light is on the 
Eaſt Side, I conclude ſhe is South at * the Morning, 
then J look in the Tide-Table, in the Letter T, and find 
Tinmouth, and againſt it I find 3 Hours o Minute, 
which added to 5, the Time of the Moon's Southing, 
the Sum, which is 8 Hours o Min. is the Time of High. 
Water at Tinmouth- bar; ſo that I find I may go in aboy 
5, 6, or 7 a Clock, with the Flood Tide, according u 
| . of Water that my Ship requires. 
Nov it is not neceſſary, that you ſhoald always hay 
this Book or Figure about with you, for you may, with 
a very little Practice, get the Nature and Reaſon of it 
mprinted in your Memory, always rememibring that the 
| Moon being with the Sun ſouths at Noon, and 
the Full Moon being oppoſite to the Sun, ſouths at Mit: 
night. The Moon in the firſt Quarter is South at 6 in 
the Evening, andat the laſt Quarter is South at 6 in the 
orning. All the intermediate Times of her Age may 
be eaſily computed, according to the Figure, exadt 6 
nough for finding the Time of High-Water at an 

Port mention'd in the Tide-Table. | 
If any will object, that what hath been faid ſerve 
only for 2 the Time of High-Water, at Plact 
mentioned in the Tide-Table, but no where elſe ; I ail 
ſwer, that by this Way of finding the Moon's Southing, 
and conſequently the Time of High- Water at any Pon 
mention'd in the Table, together with a right Appre 
henſion of the General Motion of the Tides, as you 
have it ſufficiently deſcribed and illuſtrated, in the Be 
.ginning of this Section, you may be able to give a ver) 
good Account of the Tide both at thoſe Places inſerted 
in the Table, and at thoſe that are not, provided jou 
know but upon what Coaſt the Places are, and how 
firuate from ſome known Place expreſs'd in the Table, 
and whether they are upon the Sea-Coaſt, or up ſome 
River, and the like ; as for inſtance, Suppoſe coming 
from the Weſt of England, up the Channel intending 
for Bulloi9ny, and not having a Tide-Table that hat! 
the Port of Bullo72ne expreſſed in it, Iam at a _ to 
: Oo r 


That is, Jan. o, Feb. 2, March 1, April 2, May 3, June 4, 
O 1 : 
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now how the Tide falls, (ſuppoſing it at New Moon) 
Now ſuppoſe in my Tide-Table, I find Diepe and 
Dunkirk (Ports on each Side of Bulloigne) and upon Ex- 

> mination I find it is 1 at Diepe, on the Full 
ind Change Days, at 9 Hours 45 Min. again, I find it 
; High-Water at Dunkirk the ſame Days at 12 a Clock; 
how I conclude that Bulloigne lying betwixt theſe two 
Ports hath alſo High-Water between theſe two 
Times, and not long after High- Water at Diepe, as, if 
ou look in the Table, you will find it is High-Water 
t 10 Hours 30 Min. at the Full and Change. 

In like manner, if you obſerye the General Motion 
pf the Tide to the Southward, along the Eaſt Coaſt of 
England, and to the Eaſtward, up the Channel, &c. 
jou may, by knowing the Time of High-Water at any 


very eaſily compute the Flowing and Ebbing of 


ort 
he Tide at any adjacent Port, and with Allowance for 
Jeep Bays, or inland Rivers, you may very nearly deter- 
nine the Time of High-Water at any deſired Port. 
But for Variety and the univerſal Satisfaction of all 
avigators, I ſhall infert another (though common) Me- 
hod of finding the Moon's Age and Southing, by the 
paQ, in order to which you muſt firſt find the Golden 
umber, which is thus done. | 
Add 1 to the Year of our Lord, and divide that 
zum by 19, the remainder is the Golden Number. 
2. For the Epact multiply the Golden Number by 11, 
nd divide the Product by 3o, the remainder of that 
Diviſion is the Epact for the Year propoſed. 
3. For the Moon's Age add the EpaR, the Day of the 
Month, and the Number of the Months (as expreſs'd- 
below.) together, and caſt away 30 if the Sum exceeds, 
he Total if under 30, or the Exceſs if above 3o, is the 
Moon's Age. 22 

4. For the Moon's ſouthing, multiply the Moon's Age 
by. 4, and divide the Product by 5, the Quotient is the 
Hour, and for every 1 that remains add 12 Min. gives 
the time of the Moon's ſouthing. 


The Numbers for the Months are 
| 0,212 3 4 5 6 and 8 
8 10 and 10 theſe are the Numbers right. 


uty 


"as Of the Tide. Ch. 7. 
July 5. Auguſt 6. Sept. 8. Octob. 8. Novem. 10. Decemb. ij 
Note, The Epact is here ſuppoſed to Change the fif 
of Januar). | 
| Example. 
I defire to know the time of High-Water at Bermid 
the 16 Day of October 1722. 


Y Firſt for the Golden Number. 


The Year 1722 19)1723(90 
Ad ——— 1 13 
Sum — 123} 


The Quotient 90 is of no uſe in this Caſe q the le 
mainder 13 is the Golden Number required. 


To find the Epact. 
The Golden Number 13 
Multiply by — — 1 
13 


The Product 143 divide by 3001 
Remains the EAR: 2 430 
Or divide the Golden Number (13) by 3, the Re. 

mainder (1) multiply by 10, the Product (io) add v 

the Golden Number (130, the Sum (23) is the Epad. 


For the Moon Age, 


The Epadt 23 
The Number for October 8 
The Day of the Month — 16 N 
Sum ——— — 47 from which abating 


zo, the Remainder 17 is the Moon's Age requir d, the 
Moon Changing the 29th of September as may be ſeen by 
the Table of the Moon Changing immediately follow- 
ing the Tide-Table, | be 


S Sn - AF 


22 
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| For the Moon's Southing. 


Multiply the Moon's Age 17 by 4, the Product 6$ di- 
ide by 5, the Quotient is 13 and 3 remains, viz. 1 
Jours and 36 Min. paſt Noon, or 36 Min. after 1 the 
rt Morning, to which add x Hour 30 Min. found 
Waiſt Berwick in the Tide-Table, the Sum 3 Hours 6 
in. is the Time of High-Water at Berwick, October 
1722 in the Morning, 
But becauſe the Spring Tides do not ſhift ſo much 
the Neap Tides, you may yet be more exact in 
ing the Table anne c. | | 
| The Uſe of this Table is very 
Way, I ſhall inſtance in the fore- | 2 
oing Example. ” 
Find the Moon's Age 17 under | Age 
oon's Age] and againſt it in the 
S&olumn of [Time] you have 1 
our 21 Minutes, which added to 
Hour 30 Min. the Time found: 


wia 


1 

2 
* . 3 
'- 2 Berwick in the Tide- Table, + = 
ie Sum 2 Hours 5x Min. is the 3 
ime of High-Water required 
liffering from the former by 15 8 
1 | in. and nearer the truth, becauſe 9 
fo 


t aHows for the different ſhift. a 
au ns of the Tides; but either way 1 23 23 


a, WW: exaR enough for common Uſe, | 11 20, 


113 28. 
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Note, What is here · aid of the Tides is meant as < 


ing o their General Motion; the half Tides, quarter Tides, 

the Ind Currents, being a Thing that depends ſo much 

1 by Pon Experience, that it is in vain to treat of them 
bes.” > eee, l 
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1 ( Large Tide Table of 2 nem Method. 


_— 


— 
— 


* 


Berdeen O45 Baltimore 4=P 
Army 1—30 | Bree-Sound 42 
St. Andrews 2—15 Bremen G== 0 
Amſterdam 3—00 | Blackney 6= of 
Armentiers 3—00 | Briſtol 6—0 
Abroth 715 Briſtol Key 6—6 
Antwerp 6—00 | Bridgwater 7 
Archangel 6-00 ] Cape Blanco 96 
Abermorith 6—00 | Bulloien 10—3 
Amazons River in Race Rec of Banquet — 
South America 6 oO 
Aldbrough 9—45 | a 
3 1 1 
11 TE Ape 1 | 
8 H. M. So 0 
| | 
Each C=— o Calice without I=p 
| Bajador in Bar- Camfere 1 
I. — Co uet 2 
Blacktail Beacon o—195 | Cork in Ireland a 
Blackneſs ' I—30 | Cafe Clear in Ire- _ | 
Bell Ile 1—30 4 
Berwick 130 Caldy + 5—15 
1 Bluet without 2—15 | Carnarven Bay - 5=1 
Britain South Ciaft 3— O Cromer 6 0 
| Biſcay Coa 3— © | Caskets without $=1j| 
| Bourdeaux River 3— © | Cape Sierre- lion ix 
| Buchaneſs 5 32 O Guiny - == 
Bona Eſ perance Z— 0 | Chamberneſs 96 
Baſs without 2—45 Cn in the Foſs ICP 
| Bridlinton - 3-45 Calice Raad 10—30 
Bourdeaux Rider Calſhot 3 
within 3—45 Condado * 1 2 0 
Brovage without 2408" Dunkitt 
— — — — —  —— 


det, 5 


aki One © 
D Dove Bl Om o 
Port Deſire in 


| M merica Tk O 
+ Downs 12 
7 andee 2—15 
* Denby 215 
3 f Dort 3— 0 
2 Dunbar 4 30 
1 Dungarven 4—30 
Bb Dartmouth 515 
*. David's Head 6— © 
Dublin ia Ireland 8—15 
_—|Pmnoſe 9—45 
5 Diepe 9— 45 
— Danwich 945 
Dungeneſs 9—45 
* Dover 10—30 
. E H. M. 
— Mden 0— 0 
_ Eider C— O 
Yve 88 
— Enchuyſen 8 
dam 1—30 
0 [Exmon = 4—39 
. Ewater 7-30 
1 Entrance of 
=1 Emes 7—30 
9 E. M. 
i 1 Coat o— o 


Fluſhing 
Finmark C9aft 
Fountnay without 2—13ß 
Tamborough Head 3— © 


6-45 
I—30 


— 


— 
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2 


Fair Iſle yes 0 | 
Frith 4—30 
| Falmouth 4—30. 
orn 5—15 
Foy 5—15 
ö — 
The Fly — 30 
Friefland Coaft 1 
Florida in Carolina 7—30 
Foreland North and | 
South 9—45 
G H. M. 
Ibralter Road ov— © 
Graveling — o 
Guernſey C—45 
GGoree 1—30 
Graveſend 1—30 
[Galicia 3— of 
Gaſcoin 3— 0 
Groyn 3— OJ. 
Gorend 11—15 
I H. M. 
Ever c— of 
Hern O— o 
Holy Iſland 1—30 
Hartlepool 7— 0 
| Huntcliff foot 3—45 
_ | Humber without 4—30 
Holms 6— © 
Hull | 6— 0 
Hamborough 6— 0 
Hague 8—15 
Harlem g— © 
Havre de Grace 9— © 
(3 _ Parwich! 


Harwich IC—30 | St. Mark 215 
St, Hellens 10—30 | St. Matthew Point 3—4 
| Mount's Bay 4—=p 
3 . Milfor d > 
th H. AH. | Moonleſs 5—15 
Utland /ſles 0 o | St. Maloes 5—1 
Heland W. Coaſ 3— 0 Magnes Sound —16 
Ireland South Coaſt $—15 | Macknel's Caſtle 8—1 
John de Luce 10—30 | Iſle-of- Man 9 0 
. Marget Road 11—15 
11 2 
Entiſh Knock o— o , 00 H. M. 
Killiars 3 — 0 Ewport in the 
ingſale in Ireland 4—30 Iſle-of- wight o- 0 
Kilduyn 7—3o | Nore Weſt End 0 
BE : ' | North C. Maggero 3—0 
ET: Nantz River without 3 0 
| L H. M. | Newcaſtle ' Goth 
isbon 2—15 | St. Nicholas is © 
L St. Lucas 2—15 | Ruſſia 6—6 
London 3— © | Needles 96 
Leith 4—30 | Normandy Coaft 10-7 
Lawreneſs 4—30 aze 11—15 
* 5—15 . 
uUndey - . 1 | 
ds „ 
Lanion 6—45 Rkneys 3— 0 
Landſend 7-30 Orwell 9— 0 
Lizard 7-30 | Orfordneſs 96 
Leyſtaff 
; +0 . p H, M 
| "> 5-8 ĩ O— 0 
= | PoiQou South 
M H. M. Coaft 3— 0 
A AAze within c—45 | Pens 3— 0 
| Malden O—45 Porthus 3—-0 
EE: "6 © | Portugal Coaft 7 0 
y- 


N 


1m 


mad bead fray food jones fry Mena rr, 


oi a nem Method. 


——_ | — a 
A owls 
Podeſemsk in Ruſha Col 
Portland 8—15 
peterport 8—15 
bi Picardy Coaſt 10—30 
A. N. 
n O— o 
0) Quebeck in 
Canada 6— o 
R | H. M. 
Ebdan O—45 
Rocheſter O—45 
Rumney 1—30 
15 Ramkins 1—30 
| Robin Hoods Bay 3= © 
3 3— © 
32 46 
Rochell without 3—45 
Roan River within 3—45 
Ramſey 5—15 
Rye 11—15 
Rhodes 11—15 
3 H. M 
Hooe * 0 
Sheerneſs C— o 
Sleeve 0 — 0 
Southampton o— o 
Spits Om O 
0 Shotland 3— © 
0 Silly 3—45 
0 — | 345 
0 Sound 3—45 
* Staples 3—45 


| 


| Severn 


Seven Iſles 
Stockton 
Spurn 
Salcomb 
Start 
Sedmouth 
Selberg 
Seven Cliffs 
Shoram 
Seyn- Head 
Senegall 


Erveere within « 


C—45 
Tenet I—3O 
Terveer without - I—30 
Tinmouth 3— 0 
Tees Mouth 32 0 
Tenariff 3— © 
| Torbay SIS 
Texell 7—30 
Tergon 9—45 
U H. M 
Rk G 
Uſe Z— 0 
Uſhant without G— © 
St. Vallery 10—30 
: W H. NA. 
Sle-of- Wight c— © 
Winchelſea O—45 
Wetlands 1—30 
Whitby 3—. 0 
Waterford in Ire- . 
land 4—30 
0 4 ey- 


: 
| 


| fee what Hour and Minute ſtands againſt it, which be 


Ireland 4—30 


WAY 999 


— 
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1 H. M. | Yarmouth Road 8—15 
Weymouth _ 6— © | Yarmouth Peer 9— 9 
Wells 6— o | Yarmouth Town 9 6 
Weymouth Key 6—45 Larme ; 6—4; 
Wieringham we O13 =: 
Winterton 9— 01 e 

292 E = 0 1/4 OY 
Alan 0 I—20 
| Oughall in | ij Zerick Sea AE, 


The Uſe of thisTide-Table is the ſame as in other 
Tide-Tables ; for when you defire to know the Time c 
High-Water at any Place mentioned in the Table, you 
need but look in the Letter that the Name of the Place 
begins with, and there having found the Place you want, 


ing added to the Hour and Minute of the Moons co- 
ming to South, the Sum (abating Twelve Hours, if it ei 
ceeds) is the Time of High - Water at the Place propoſed 
that Day. Example; 1 deſire to know what Time 
it will be High-Water at Harwich, March the 6th, 1924, 
I look in the Letter , and find Harwich, and again 
it 10— 30, which added to the Moon's Souching that 
Day, the Sum is 14 38, from which caſt away 12, the 
Remainder is the Time of High-Water: Of which ſee 


more in the Explanation of the following Table of the 
Moon's Changing. 


The Uſe of the following Table of the Moon's Changing 
is ſo eaſy, that it needs little Explanation ; for find the 
Year in the tirſt Column on the Left-Hand, andthe Month 
at the Top, and in the common Angle you have the Day 
and Hour of the Moon's Changing that Month. 

Note, m. ſtands tor Morning ; a. for Afternoon. En- 
ample; I deſire to know the Moon's Changing in June, 


1720: Find 1720 inthe Left-Hand Column, and againft 


it, under June, you find 24 3 a, that is, the Moon 
changes Jure 24 at 3 in the Afternoon; and where you 


find two Numbers againſt one Year, and under one 


Month 


47 uble of the Moop's Changing for 15 Tears. 


1 
i January ze March | April | May | June 
3 
45 - 4 H- D. H. D. H. D, BID. BH. Þ.M 
- 120]28 10 mia 2 mz) 6a [26 1m 26 2m 124 32 
N. 1721116 8a 14 9m 10a i oa] 15 3m 13 6a 
30 1722] 6 11 m 4 92 6 SI3m| 4 7a 4 6m | 2 8a 
0 172327 2 a 23 11a z 9 mſz23 7al 23 4m fr 22 
1724415 4 mjl3 42 I4 3m 12 10 11 Fa 10 Im 
172 i1m|2 Zi] 3 11m|2 2m 2 0458-2 
= 727 3 35: 30 5a 1 
1926/22 7 mio I2a [20 12a a 2 20 11m 118 6a 
her Ih zz 7 mjlo 1mſio 1mjio 11m 9 122 | 8 gm 
of M 1728030 2 mas Ba 28 832 [28 5m} 27 7a 26 6 
70 1729118 Ga [17 22 9 G6mji7 6a] 16 18a 1 Noon 
ace 17300 7 7a 6 6m 7 7a 6 9 5 11a 4 22 
nt. 173% 9 a fz 7mäzs Fa z75 Am 24 4a [a3 6m 
bo 173216 1a [14 11aJls5 S8mi3 gaſ 13 2m [12 Noon 
co ss an 2 2a] 5 1m 3 gm 5 120 c e 
el 1734123 12 a 122 2a l24 I mlzz 10 21 6 26 I 
ſed 7 e 8 rf 
me | 7 
July | Auguſt | Sept. on Nov, Dec. 
w t 87 Þ i 5 H. 
R —— ni 
the 1720ſ24 5m22 3a [21 7m|o 1a [18 10a 18 8m 
Co 1721113 7 m| 11 I1a fio ia flo 3m[8 2a] 8 FI 
| 1 *2m | 
he 1722 2 10mſ 5a 29 9m 28 122127 44 [2 3m | 
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28 Smſ26 6a [25 7mM[z4 11 a 23 Fa}23- oa f 
17 12a [16 8m|14 5a 14 4mji2 Gal 12 oa | 
a6 1m 8m. 1 
7 % i=) aal cuſs roll, fall 
25 4224 1m[22 1omſex 7aſzo zm 5a | 
1 2mi3 2a | 12 mii 11m 9 109 5m 
2 8a 2 ba 60 ra] 30 Noon 28 era 28 11m 
21 fa [z1 1a fz0 5miig 9a 18 Noon] 15 1m | 
0 261 Þ 3a 5m{ 7 10a|]6 Faſ 6 rom 
28 8m[28 8m|26 112 [26 5a |z5Noonſ25 m 
17 4a 17 4a 116 mii Ga 14 Noon 14 7m 
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Month, the Moon changes twice that Month; a 
, E O 1 
gainſt 1725, under Fey, you find — po - that z 3 
the Noon changes twice in May 1925, 2. the Ful 
Day at 10 in the Morning, and the Thirtieth Day at si 
the Afternoon, and ſo in the reſt : From hence you n 
eaſily find the Moon's Age, and her Southing, and o 
ſequently the Time of Hi gh-Water at any Port mens 
tioned in the Tide-Table. | 
Example, 1 would know what Time it was High-W; 
ter at Harwich, March 6, 1714. I look for the Ne 
Moon next before, and 1 find it was February 13, aul 
Hence the Moon on March the 6 is 22 Days old, whit 
multiplied by 4, and the Product 88 divided by 
= Quotient is 171 for the Moon's Southing, or y 
rs 36 Minutes after Noon, or 5 Hours 36 Minute 
March 2 in the Morning, to which add 10 h. 30 . the 
Hours and Minutes ſtanding againſt Harwich in th 
Tide-Table, the Sum is 16 Hours, 6 Minutes, fron 
which caſt 12, the Remainder 4 Hours 6 Minutes it 
the Time of High-Water at Harwich required. 
Note, If the Moon be leſs than 15 Days old, look fit 
her Age the Day propoſed to find her Southing ; but if 
more than 1 > Kang 1 old, (as in this Example) look for 
her Age the Day before (or abate 1 from her Age the 
Day propoſed) and then work as before, becauſe when 
the Moon is above 15 Days old, ſhe comes to South above 
12 Hours after Noon, which may more properly be called 
next Morning, and conſequently if you abate 1 from he 
Age found when above 16 Days old, the Southing 
found from thence is properly her Southing for the 
| Morning of the Day propoſed, &c. 1 
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TAVING thus learned to find the Variation, and 
11 to work an Obſervation, and alſo to * 
| 1 3 


2 ma, © pn) YO 


ur 
E 


the $ Minute Glaſs 
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ides with other Things neceſſary to be known, and 


aving, as Maſter, Mate, or Pilot of a Ship, taken 
Pour Charge for any Voyage, and having your Log-Line, 
laſſes, and other nas - in Readineſs, you 


muſt provide a Log-Board ruled as you fee in Fig. 62. 
the figure: | | 


zen having ſet Sail, and got from the Shore, and 
ot of che Ser of the Tide, obſerve how the Land bears 


from you that you intend to take your Departure from; 
and alſo, as near as you can, compute the Diſtance you 
are from it, and then that Courſe and Diſtance prick'd 
off upon your Chart gives the true Place of your Ship 
when you begin your Reckoning. | 
This done, having ſettled your Watches, and ordered 
a Man to the Helm for two Hours, let him obſerve 
carefully what Courſe he ſteers by the Compaſs, or if 
he be ordered to ſteer upon any given Courſe, let him 
take care to mind it, and at the End of two Hours let 
the Mate have the Log, having one attending him with 
let the Mate over-haul off the Line, 
(having firſt caſt the Log with a few fakes of line into 
the Sea) till the Red Rag come to his hand, and at that 
inſtant cry Turn; the Man with the Glaſs, Juſt upon 


that Word, as the red Rag goes away, turning the Glaſs, 


and watching diligently : When the Minute Glaſs is 
juſt out, the Man that holds the Glaſs, cries Step; 
whereupon the Mate ſtops, and hauls in the line, ob- 
ſerving exactly how many Knots, halfKots, and Fathoms 
are gone out, and ſets it down upon the Log-board, 
againſt the Hour at which the Log was heav'd ; and thus 
rooms every two Hours all the 24 hours, and then the 

g-board will be full the next day at Noon. 
Then having a Log. book Ruled every Page, like the 
Log-board, with the Day of the Month ar the top, take 
off the . ee your Book, and rub out the $ 
upon the Board, ſo is the Board ready for the next day. 
I ſhall inſtance in a Voyage from a Place in Latitude 
N 8 North, to another Place in Latitude 57 $0 

orth, and Difference of Longitude 8 30 ſet Sail 
Auguſt 24, at Noon, and running that day as by the 
Log following 


3. Vote, 


\ 
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3. Note, Any 24 hours Log, from Noon to Noon, h; 
dated by the Day upon which it ends, and not upon 
the Day upon which it begins; then if we ſet Sail Ay, 
24, that 14 hours Log muſt be called Auguft the 25th, 
Oc. 8 2 

The Ship having run every two Hours as you ſee ig 
the Log on the other ſide, add up all the Knots toge. 
ther, the Sum 47 being doubled (becauſe you heave th: 
Log but every two hours) is 94, to which add the 
half Knots, which in this caſe are accounted as 4 whole 
Knots, becauſe they are alſo doubled: The Sum g 
Miles is the Diſtance run that Day. —- The Courſe is 
N. E. but becauſe there is a Point Variation Weſt, the 
true Courſe is N. E. by N. therefore ſet down under the 
Log Made good 98 Miles N. E. by N. | 

Then find in the Traverſe Table your Northing and 
Eafting for that Courſe and Diſtance, and ſet it in the 
blank Space on the right hand as you fee done. 

The Northing 81. 5 Miles or Minutes added to the 
Latitude fail'd from 54 deg. 8 Min. the Sum is the Lat. 
titude come to 55d 29 (the 5 which is placed after 
the 81 being but a decimal, or half mile, need not he 
regarded) which ſet down alſo as you ſee. 

For the Difference of Longitude you may find it by 
the Traverſe Table, the middle Latitude being 55, us 
_ Complement 35 being found, and under it in the Co. 
lumn of Departure, find the Departure, or Eafting 
544 or the neareſt to it ; and againſt it, in the Column 
of Diftance, you have 95 min. or 1d. 35 min. for the 
difference of Longitude, made that Day, all whichſet 
down as you ſee. 

Now to find when your Ship is in the firſt or laſt of 
the Charts before-mentioned, which are all made for 
this Voyage: And firſt for the firſt particular Chart; 
Set off 98 Miles from A, upon a N. W. by Weſt Line, 
it will reach to the Point 4, the Place of the Ship re- 
_ or take the Difference of Latitude made that 

y 81 5 in one Pair of Compaſſes, and the Departure 
or Eaſting 54 4 in another Pair of Compaſſes ; then with 
„ 5 one 
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WK): K F Courle Winds] hg, 25. 71h 


D—hI—L—̃ — 
4 


_ 


| 1 31 N. E.] Weſt | Variation 1 Point Weſt. 


— Northing —— 81. 5. 

444 | Faſting —— — 54.4. 
Lat. come to— 55d. 29m. 

Diff. Longitude— 1.31, 


| 
5 


14311 | 


de good 98 Miles Norch Eaſt by North. : 


— 


— — „„ — 


one foot of each pair of Compaſſes in A, run that in 
which you have the difference of Latitude along the 
Faſt and Weſt line AC, and that pair in which you - 


have the Departure along the North and South line A B, 


the Moveable Points will fall in 2 as before, 

To find where the Ship is in the Mercator'y Chart, 
take the Latitude in one pair of Compaſſes thus ; ſet 
one foot upon the line 2d in the Latitude come to 55 
29, which is at the point q, and extend the other to any 
Parallel, as fuppoſe the line 55 55; then after the- 
ſame manner take the Longitude in your Compaſſes, 
running them parallel to any North and South line, the 

| | meeting 
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meeting of their Moveable Points, viz. at x, is tie 
Place of the Ship required. Note, The Place of 
the Ship at x, in the third Chart is found by cirher d 


the two Methods by which it is found in the 


* 


4 th. 8 


IS 


— 


How to keep Account of a Ship's Way uu 


4 Wind. 


AS? is ſaid to Sail upon a Wind, when her Tach 
are Abroad, and her Yards ſharp Braced, and i 
commonly ſuppoſed to be within fix Points Wind 
with Lee-way, according to the Sail ſhe carries, viz, 
All Sails fer ——— 1 Point) Try under Mainfail 
A Topfail in 2 [ only. ———; 
Both Topſails in * Under Mizenfonly 6 
and a Sea, —— 3 ® Lye a Hull, all 
Try under Mainſail | "Sails Furled. 75 

and Mizen. —— 4 3 
According to theſe Allowances of Lee- way, I ſhall 
work the following Examples; nevertheleſs, in Pre 
Qice Lee-way muſt be allow'd according to Jadgment, 
for ſome Ships make more Lee-way than others, with 
the ſame Sail ſet, Oc. PT 

This Example, Aug. 26, hath two Courſes, which 
muſt be reduced to one by the Rules for working z 
Traverſe by the Traverſe Table. Ihe firſt Courſe 
is N. E. by the Compaſs, but by the Variation alov's 
vis. one Point Weſt, it is N. E. by N. but the Wind 
being N. N. W. 12. within ſix Points of the Courſe, 
we muſt allow one Point Lee-way from the Wind, which 
brings 82 to N. E. 25 
For the Diſtance, add up the firſt ſix number of Knot, 
during which time ſhe lay upon that Courſe, the Sum 
21 doubled, and the two half Knots added, makes 18 
all 44 Miles N. E. for the fiſt Courſe, | | 


* — 
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The ſecond Diſtance by the ſame Rule, is 39 Miles, 
he Courſe by the Compaſs N. W. but a Point Varia- 
ion Weſt makes. it N. W. by W. and a Point Lee-way, 
hich is alſo Weſterly, makes the Courſe made good ta 
e W. N. W. the Diſtance 39 Miles. 1 64 UE 


surfe |Diſt.| North4 South (Eaſt Wei By Tras 
. 0 —Iverſesailin 
N. E. 44 31—11 31 1 | gen 
W. N. W. | 39 [14 | 36 oſby the Ta. 
Ns 0 ble, you find 

F 6 | | [31 7] the *. — | 
11Ng46,0,an 
T | 4.9 the Welling 


9, and by Caſe the ſixth of plain Sailing, by the Tra- 
erſe Table, the Diftance made good is 46 Miles North, 
degrees Weſt; all which ſet down as in the firſt Day's 
Work: Then add this Day's Northing to the Northing 
tot before, the Sum 127 5 is the Total Northing. Alſo 
btract this Weſting 4 9 from the Eaſting got before, 
e Remainder 49 5 is the Total Eafting, both which 
et down as you ſee; alſo by adding 46 Minutes to the 


:ft Day's Latitude, the Sum 56 15 is the Latitude come 
0, : 
The Difference of Longitude is 9 min. which becauſe 


u, t is Weſt, it is to be ſubtracted from the Longitude the 
il Way before, and the Remainder 1 d. 22 m. is the Lon» 
" itude come to. 


Now to find where the Ship is, upon the firſt and laſt 


3 1 {Wharts, take the Total Northing in one pair of Com- 
ule BWafſes, and the Total Eaſting in another 2 and pro- 
7 q ed as before from A, the place ſail'd from, it ſhall 
1 


produce the Point e, for the place arrived at: Alſo in 
he ſecond, which is a Mercators Chart, find the Lon- 
gitude and Latitude come to by the Method preſcribed 
in the firſt Day's work, and their Meeting or Inter- 
ſection is at the Point e, the place of the Ship required. 

Note, In the firſt and laſt Charts you may ſet off one 
Courſe and Diſtance, by another, as in Traverſe Sailing 
Geometrical ; but I ſhall not inſert that way left it 808 
much confuſe the Draught, | | 1 : 


4 
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. ln. Fo BY 
2 3 N N. E. N. N. W.] Variation 1 Point Wen ati 
* et — FE Northing - 45. ie: 
4 3| I | Weſtin 1 
— —— Total Northing--127, Nati 
6 +| | | | Total Eaſting-—-49, 
TT TT —"| Etitudecometo 5% e 
181441 | Diff. Longitude o.. 
TT — — — Long. come to — 1. 
EA 

_ 1 
423 N. w. N. N. E. 

+[3[z|_| 

. 

8 3 5 | 

lo z l 

FARRAR 


{Made good 46 Miles North, 6 Degrees Weſterly. 


Ho to correct a Reckoning by an Obſervation 


IN the following Day's Work, Auouft 27, there i 

made good 116 Miles; the Courſe, with Variatio 
allow'd, is N. E. by N. and the reſt as you ſee found bj 
the foregoing Method. 

It is needleſs to give any more Examples of allowiny 
for Leeward, or Variation, the Rule being the ſam: 
when Lee-way is 4 55 6, 0r 7 Points, as when it is but 
one Point, only minding to allow as much as it is, an 
the right Way. Thus if a Ship lye North with N at 
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N. E. and 6 Points Lee-way, ſhe makes her Way good 
A t W. N. W. Cc. | y | "Pr 15 
My Reckoning at Noon, Auguſt 27, brings me into 
atirude, 57, 51; but by Obſervation, which I muſt 
refer before the Dead Reckoning, I find I am in Lati- 


10 de 57, 34. Now to correct the Reckoning by an Obſer- 
27, ation, obſerve this general Rule. — 


36.108 pour Dif. 5 e ( dm the Depart. che Fault 9 e 
9• on or | is more likely to be inthe Y __ | 
I. lude be ( leſs o. or Courſe 
The Reaſon of the General Rule above, is-evident 
om the Figure; for ſuppoſe a Ship at 4 _ 4 | 
ils South Eaſterly, till by his Reckoning he Fig. 63. 
at C, or in the Latitude of the Parallel B . ___ 
t by Obſervation he is in the Parallel of Latitude 
„ E, F: Now if we will ſuppoſe his computed Diſtance 
IC to be right, ſweep the Arch CF till it cut the Pa- 
lei DFin F and make AF equal to AC: Now by 
is means the line AF is the line deſcribed by the 
ip's Motion, whereas we thought it had been the line 
C; but it is abſurd to think that any ſhould be ſo far 
iſtaken in their Courſe as to ſteer from A to F, when 
e thought he had been ſteering from A to C; and 
erefore we muſt impute the Fault to the Diſtance, ſup- 
oſing that the Miſtake lies there, and that when he 
ought he had ſteer d from A to C, his Reckoning was 
-head of the Ship, and that when he ſhould have been 
t C he was only at E, the Space EC being but a tole- 
ble Miſtake in the whole Diſtance 4G 
rc But in a more Eaſterly (or Weſterly) Courſe, ſuppoſe 
itioußg Ship ſail from A till his Courſe and Diſtance by Dead 
d Reckoning is repreſented by the Line A and the La- 
tude come to by the Parallel G but by Obſervation 


W128 is in the Parallel of Latitude HLK: Now if he were 
ſam Wproſed to keep a right Account of his Courſe, and 
s buthde Fault ro be in the Diſtance, we muſt continue the 
Wine A/ till it cut the Parallel J. K, and allow him 


ug be the whole Diſtance /K miſtaken in his Account, 


is - 
"» 


— 


* 
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fr. K . ourſe Winds | Aug. 27. 1714, 8! 
2 — ——_——— — — | 
231 N. E.] Weſt J Variation 1 Point Weg 
——— — — Jorthing 96.4 
=: 

| 11 ns +4 
— . — Total Northing——22,, (3 
614 | | Total Eaſting — 11,08 i 
— — — Aatitude come to— 5. fl 

8 5 | | | | Diff. Longitude Eaſt 1 53887 
fs: | 12 1 Longitude come to 3.) 
1005 £ > | 
f — — — At. by Obſervation- 55 

3 1 | | Tot. EaſtingCorreQ--10;, 8 55 


| | Tot. Northing Cor.— 206. 
'2]6 | | = | = | Long: come to Cor. — 3. 
446 | pr | 


the Diſtance IK could be ſuppoſed to be in the Diſtanct 
© Note, If you fail in a Current you may eaſily be grell 
miſtaken, either in Courſe or Diſtance ; but of that -{t 
more at the latter End of this Book. | 

Nov in this Example the obſerved Latitude Aug. 2 
Kiffers from the Latitude by Reckoning the Quaniil 
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17 Miles or Minutes, and becauſe the Total North- 
Neis more than the Total Eaſting, I impute the Fault 
the Diſtance by the Log, and then ir is corrected by 
is Proportion. | 


* As the Total Northing 223. 6, to the Total Eaſting 
+4 z. 9, ſo the Error in the d orching 17 to the Error 

1 the Eaſſing I. 7 neareſt, 

"1 13-9 43 ; or 8. 7 Miles neareſt, to be : 
5 7 223:6\1936-3 8147 ſubtracted from the Total 

32 ) 147.5 \ Eaſting 113. the Remain- 

8573 + der 105. 2 ĩs the Total Eaſt- 

9 39 ing Correct. 

06.9 6: 1 

3 9 3 2 3 


The Reaſon of this Proportion is evident from the 
iagram £ for in the Triangle ABC, as the Total 
ſorthing by reckoning. AB, to the Total Eaſting by 
ckoning BC, ſo the Error in the Northing E 9, to 
e Error in the Eaſting qc; for the Sides of the Tri- 
gles A C, and E 4e, are proportional ; by Euc. Lib. 6, 


- oh; EE — 3 
Then to correct the Longitude; As tlie proper Diffe- 
nce between the Latitude by Reckoning, and the La- 
tude by Obſervation, to the meridional Difference be- 
een the ſame two Latitudes, ſo the-Error in Depar- 


ke re to the Error in Longitude, that is; as 17 to 32, ſo 
vale 7 to the Error in Longitude. 13 7716 
anl ieee L 13 
tha 32 17278 /16 Minutes, Crejecting the Fraction, 
IE 8.7 ) 1580 being bur a Peaction of a Manure] 
A. c . 6 to be. ſubtracted from the Longi- 
tau 22. 4 tude by Dead Reckoning, the Re- 
anc 5s mainder 19 35 is the true Longi- 
rel N = tude Correct by Obſervation, 
But in caſe your Courſe be far Eaſterly or Weſterly; 
g. M the obſerved Latitude differs from that found by 
nie Dead Reckoning, it is beſt to correct only the Latij- 


de, reducing it to the obſerved Latitude, and not to 
3 meddle 


r 
3 
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-meddle at all with the Departure or Difference of Ig 
gitude, becauſe the Error is too ſmall; as in the for 
tug Figure the true Departure HL differs ſo little full 
the Departure found by dead Reckoning G, that it; 
not worth while to correct ir, unleſs you have ſon 
certain Obſervation of Longitude to correct it by. 
When you have thus corrected your Latitude, Dy, 
ture, and Difference of Longitude for this Day at No 
us here Ang. 27, and proceed to the next Day's Way 
add tlie next Day's Northing to the Northing cont 
this Day, to find the Total Northing next Day, u 
mot to the Northing found by dead Reckoning; and4 
the ſame alſo with the Departure and Difference of lu 
gitude, not * that found by Reckoning, an Wi, 7 
proceed as before; and when you get another Obſen 
tion to correct your Reckoning by, add up only th 
Northing and Eaſting made good ſince the laſt Obſem 0 7 
tion, and not of the whole Voyage, and ſo correct agi | 
according to this Example. | 
Naw for ſetting off that Day's Work, Alg. 27, wt 
each Chart, the Method is to be uſed that was belt 
directed to, and the Point Z in each Chart, ſhall ren 
ſent the Place of the Ship, Auguſt. 27, at Noon. o tl 
Nov if you defire to know the Courſe and Diſu Th 
From the Ship to the place propoſed it may be doi] e, 
<aſily and exaQ'y u2on the two laſt Charts, and chi Bu: 
upon the laſt ot all the three; for in it you need Mai 
ſet one Foot of the Compaſſes in the Point Z, where: at 
Ship is, and the other Foot in the Point B, the plu 
bound for; that Extent applied to the graduated Li 
B D, accounting every Degree 60 Miles, and er: 
ſmall Diviſion 10 Miles, gives the true Diſtance requinWer: 


53 Miles. | | _WWIk 
In the ſecond Chart, which is according to Mr. Wy 
d Projection, commonly call'd Mercator's, if you uſe hoſt | 


Method which you have there preſcribed, for finuWart « 
the Diſlance 0: any two Places upon a Mercator's Cluliioth | 
Geometrically, you will find it exactly agreeing viſWroſly 
tlie former, via 53 Miles. * 
For finding the Courſe, the Method is the ſame lain 
both; for the Rumbs are right Lines, equally divide 


. — 
— — — 
— — — . ¶ U CR — — gd... — 
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r at equal Diſtances in bath Charts; therefore if your 
harts have the Rumbs upon them, Obſerve which 
zumb a Line drawn from the Ship to the Port would be 
aaallel to, for that is the Courſe required; but if you 
ould till be more exact, you may find the true Courſe 
d Diſtance from the Ship to the Port, by Caſe the 
irth of Mercator's Sailing Trigonometrical thus, (ha- 
ing both Latitudes and Longitude given.) 4 

„ | | | Lat. | Long. 
he Ship when cor. by Obſerv. is in 57.34 3 9 

he Port bound for is in 57. 50 8 30 
Proper Diff. Lat. 16. Merid Diff. Lat. 3060. 
diff. Long. 5 21 or 321. 


Merid. Diff. of Latitude 30—1-47712 
0 Radius, 7 10.00000 
Diff. of Longitude 321 2.50650 
o Tang; of the Courſe. 84-40 11.02938 


Then for the Diſtance. 
s Sive Comp. Courſe—S C 84-49 8.968 25 


o proper Diff. of Latitude, 16--- 1.20412 

18 Radius ; ; I0.0000D 

o the Diſtance. _ ES 5 2.22687" | 
The Courſe is North 84 40 Eaſt and the Diſtance 172 


iles. | 1 
But here we may ſee the intolerable Error of the 
lain Chart, the Ship being at z, and the Port bound 
r at the Point e, the 7 between them being ap- 
lied to the Graduated Line 16. 16, and allowing 69 
iles to each Degree, gives a diſtance vaſtly too 
reat from the Ship at z to the Port at ©, a moſt un- 
ferable Error. | | = 
I know it is objected by ſome, that notwithſtanding 
har can be ſaid againſt the Plain Chart, it is ſtill the 
oſt uſeful and frequent amongſt us, witneſs a great 
irt of the Charts and Waggoners that are now extant, 
och in Dutch and Engliſh, and if the Plain Chart was fo 
roſly falſe in ſo ſhort a Voyage as between tlie 
Vo places before propos'd it would ſeem that thoſe 
Wain Charts and Waggoners ſhould not be ſo much 
ps W 
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encouraged, or being uſed ſhould not anſwer their E 
o generally well as they do. =_ 
* Tanſwer, I take it for granted that thoſe Charts " 
not grounded upon that Projection, that the Depry 
of Longitude and Latitude are every where equal, | 
'thoſe commonly and properly called Plain Charts x 
(for we find no ſuch Thing as Degrees af Longitay 
upon them) but they are projected on the fame Groy| 
that my Third Chart, before inſerted, is grounded upy 
biz. The True Courfe and Diſtance from Place to Phy 
Is found, either by the Latitude and Longitude acc, 
ding to Mercator's Sailing, as I have directed in tþ 
Projection of that Chart, or elſe the Courſe and I 
Nance from Place to Place is found by Experience; th 
that have failed there obſerving diligently what Cour 
(with all proper Allowance for Variation, ©.) al 
a:ſd what Diſtance carried them from one Place toan 
ther; and thus comparing their Obſervations of thy 
Kind with the Obſervations of others, and corredig 
their Odfervations by their Obſerved Latitude, . 
And thus one obſerving in one Place of the World u 
another in another, and theſe Obſervations being cot 
ae and the myſt agreeable choſen out and colledeſ 
ay probably have given Riſe to our large Waggonn 
Now extant, which, tho' in Form of Plain Charts, jt 
In that Caſe muſt needs be true, and to be depende 
upon: For ade the World is Globular and not Pl 
* it is evident; that what is once the Courſe and Di 
Kance between any two Places, ſhall always be ti 
Courſe and Diſtance between them. As for _ 
Suppoſe after all Allowance given for Variation, 
way, Currents, Cc. I find that a N. E. by E. Courſe 


* 


- 


ff 


Miles, or $5: Leagues, carries me from Buchanneſs ui no 
Tome known Place on the Coaſt of Norway; tis ceraiſi wh 

the ſame Courſe and Diſtance made good ſhall alwanWder 
do the fame; and therefore if that Courſe an 2: 
Diſtance was laid down upon any Chart between the thr 
two Places, I might ſafely depend upon that Chart fol the 
my next going theie. by 
© Indeed it may be objeted, Who can tell how to ab th: 
low ſo exactly for, Variation and Lee-way, but 61 bb. 
. ; 353 5 e 9 


4! 
Bo 


- 
75 
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Nuß for unknown Currents, as to depend upon their 
eckoning for the True Courſe and Diſtance from Place 
o Place. = 3 | | 5 
I anſwer, I agree to that; but yet when two, three, or 
zore Ships fail upon the ſame Voyage, and find cheir 
ccoutits nearly to agree, this may make them ſome- 
hat more confident of their Reckoning, and of the 
ruth of it; and this I take to be a Reaſon of the Im- 
roveraents that are yet daily made in Charts and Wag- 
ners; theſe Charts and Tables of Latitude and Longi- 
ude which are of a later Date, having doubtleſs 
ttained nearer the Truth by a greater Confluence of 
Obſervations; and thereby differing more or leſs from 
heſe of more antient Date, both in Latitude, but 
hiefly in Longitude of Places; which Difference we 
nuſt impure to our attaining nearer to the TR and 
d Miſtakes formerly committed, the Places themſelves 
emaining fixed and immoveable as to their Situation 
pon the Surface of the Earth, 5 © | 
From what hath been faid it will follow, that it is not 
«effaty to diſſwade any Mariner from the Uſe of 
ofe Charts and Waggoners now in Print, but it is ra- 
her an Encouragement to uſe them, and truſt to them 
as very good Helps; but let not this be an Inducement 
0 Perfons that have had plentiful Experience of the 
ruth and Sufficiency of "thoſe Charts and Waggoners 
preſently to decline the Uſe of them and fall to Work 
o make Charts of their own, and truſt to them, if 
hey have no other Way for ir but that Hypotheſis of 
ſuppoſing the rs of Latitude and Longitude to b 
every where equal (which I have ſufficiently proved ih 
not the Ground of the Projection of thoſe true Sea-Charts 
now in Uſe) the abſurd and intolerable Falſhood of 
which Hypotheſis aforeſaid I have ſufficiently proved and 
demonſtrated. Ne | 7 
Note, Whereas in the Examples before-going, in the 
three Days Works of keeping a Reckoning, I did for 
the more Expedition find my Difference of Longitude 
by the Traverſe Table, by the Rule there delivered for 
that purpoſe ; but yer if your Voyage be long, or near 
ec the Pole, where the Degrees of Longitude grow muck 
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leſs; you map, if you diſtruſt the Truth of this Methal, 
examine your Longitude once in three or four Day, Fo 
by this Proportion following. = 

The Ship having ſail'd from Latitude 54. 8, to Laji 

tude: 57. 34, the Proper Difference of Latitude is 20 

and the meridional Difference of Latitude is 368, ang 
Departure made good is 105. 2. | | 
n o ir | | 1 | 3 
Therefore As proper Diff. of Lat. 206 Co. Ar. 7.6861 
TY : To Merid. Diff. of Lat. 368 = ä | 2.56564 
do Departure 105. 2 — 2.0200ʃ 


1 


—— 


| To A of Longitude 188-—— 2.273 


Diff. of Longitude 188 min. or 3 deg. 8 nin 
the Longitude come to, differing but one minute fron 
what is found by the. Traverſe Table, altho that i 
found at three Operations. | 5 

And now, ſeeing I have in the former Part of thi 
Book laid down Methods for the Working the ſeven 
Caſes and Queſtions in Navigation, and keeping: 
Reckonin bath: Longiaude and. Latitude, not only 
by given Numbers, which Lhave called Arithmetical N. 
vigation, but alſo without any Books, Tables, or Inſt 
ments, by a new Method never yet known, nor puh- 
Uſhed, I fhall Inſtance in the firſt Day's Work in both 
Ways of Operation, it being too tedious to inſtance in 
all the three Days Works, eſpecially ſeeing there ar 
ſufficient Examples given of each Method elſewhere; 
ind firſt by the given Numbers in Arithmetical Navig: 
1101, i a 


The Courſe that Day is N. E. by N. 98 Miles. 


The given Number for three 3 Diff. Lat. is 8313 
Points to fing C Departure is 5550 


ö For 
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an I For Diff. Latitule for 2 Departure. 
98 | | 

Lat 83 | 555 The Departure or 
_=_ — — Eaſting 54.39, or 
"un 794 : 499 rather 64. 4. 30 
$614 81134 Diff. Lat. 91.34 
660 It ſhould be 31.5, but 54 390 42 

he Error is only 32, and 


roccaſioned by omitting | 
he two laſt Figures of the þ 
given Number. | | # = 

Diff. Latitude 81 3, or 1 deg. 21. min. hence the La. 
itude come to js 55 deg. 29 min. 5 


For Difference of Longitude, the Middle Latitude 

Is 45 48, but the next greater whole Degree is 55 

hoſe un Number in the ſecond Table is 5735 but i 
n | 


ng ball only uſe the firſt two Figures 57. 

0 } f * ' ins 4 

M. N 1 The Diff. of 
ſtrs . Long. 95 m. 
pub. cy 7 or 1d. 35 m 
oth Departure with Cyphers 57 N5440 ( the Remain. 
eng iven Number, or Diviſors / 310 being but a 
are | Fra&ion of a 
ere; 43 es 2 Minute, we 


The ſame Days Work caſt up by the new Method. | 


The Courſe 33 45, or 331, the Diſtance 98 Miles. 

3158 For the Natural Radius for 334 deg. by Method the 

55% Lecond, they that can work by — Multiplication, 
reed not reduce the Fraction to a Decimal, but ſquare 

it as follows. | ON 


For 


337 
- © | — 4 5. 1 


— 

32 
1 

rnd 


TT 
2 
he 


8x8 The ſameReckoning, Kc. Ci. 
Tony 337 As 60. 7 to 98 ſo 331 toDepy: 


335 334 
38 by 33 is 1099 2294 
F 2008 © 
The fame again 244 7 60. J3 307. 07 50 
Jof ; we rejeddt. —— 2720 © 
| — 3307 29 2 
11385 MN: 2 
Mult. by 3 5 492 
wy? — For Diff. Lat. by Rule the Third 
3-415, Sum of the Sides 1534. 9 
57.3 Diff. of the Sides 436 
7 6 3 „„ ; 
Nat. Rad. 60.7 9144 
is : | 4572 
—. 4 — 
Product. as oth 
. 64 root 4 
— the Pu. 
161 Nut duct ant 
| 161 Diff. Li. ä 
— require. q 
+ O89, ; 
For Diff. Longitude, the Complement of middle LM | 


titude is 35, its Natural Radius is 61: Therefore à 
0 : Y 


35 to 54. 4-10 61 to Diff. of Longitude. A 
$44 = - 
or 35 3318 943% or rather min: or ia! 

9 ) 7680 12 deg. 35 4 fp Diff. & it 

$44 — Longitude required. of | 

3264 28 2 a ſhe 

CT dal 
18. JeQ 

3310-4 5 

p: 


And thus you ſee the Excellency and Uſefulneſs of this 
; New Method, by which, altho' by ſtreſs of 8 
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Cruelty of Enemies, you had loſt all Charts, Books, 
Tables and Inſtruments, yet you may without any of 
them keep as juſt an Account of your Ship's Way, both 
in Longitude and Latitude, as you can with them ; as 
this and other Examples inſerted elſewhere in this 
Book make manifeſt, - © 3 
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* How fo make an Ort raphick Pr ojection of the 
u Sphere, commonly called the Analemma; whereby 
e moſt of the neceſſary Queſtions in Aſtronom 


may be Reſolved without Trigonometrical Cal- 
| culation, only by the Help of Scale and Com- 
Is | paſſes „ | ED | | 


LTH O' I have inſerted all the Aſtronomical 

1 Tables, ready Calculated, that are of Uſe in 
the Practice of Navigation, and have alſo laid down 
or 118» Method for finding the Variation of the Compaſs, 
T. of without Azimuth or Amplitude, &c. yet for the ſake 


„ef ſuch as delight in Aſtronomical Operations, I ſhall 


ew the Learner how to ſolve all neceſſary Aſtronomi- 


CHAP: vm 


cal Queſtions by the Analemma, or Orthographick Pro- 


jection, upon the Plain of the Meridian: and in this 
Manner of Projection, the Eye is ſuppoſed to be 2 
„Z % [ 


* 0 oy . 
V'.. — 
<* hey . 1 2 
97 © A 
/ 1 


| 


N 
1 
| 
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; 
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Ansnr to the faid Plain, and then will the Primitive Cir 
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dicular to that great Circle upon whoſe Plain the Pr. 
jection is made, and at an infinite Diſtance from the 
ſaid Circle; ſo that any Line let fall from the Eye upon 
any Place within, the ſaid Circle, ſhall be perpendici. 


(or Meridian of the Place, when the Projection is upon 
the Plain of the Meridian) be a perfect Circle. Al 
right Circles that divide the Projection in 2 equal Pam 
are ſtrait Lines, or Diameters, of the Primitive Cir. 
cle, and all oblique Circles that divide the Primitive 
into two unequal Parts, and yet touch it at oppoſite 
Points are Semi-Ellipſes, or half Oval Circles ; and al 
Farallels, or leſſer Circles, are right Lines, cutting the 
Primitive in two unequal Parts; and Parts of Lines that 
ſerve for the Solution of any Aſtronomical Queſtion, 
are Parts of ſome of thoſe Circles, or ſuppoſed to be ſi, 
and are Meaſured or Projected according to the following 
Directions. | — — 

The Primitive Circle (being drawn with the Chor 
of 60 Degrees of any Radius large or ſmall) any Part d 
it is meaſured upon rhe Chords to the ſame Radiu, 
Any Part of a right Circle is meaſured upon the Sing, 
Any Part of an oblique Circle (when required to be 
meaſured, which is but ſeldom) may be meaſured on 
the Chords, being firſt reduced to the Primitive Circle 
thus, Draw two Lines thro' the two Points in the Ob. 
lique Circle, the Diſtance between which is to be mes. 
ſured, and let the ſaid two Lines be drawn parallel to 
that Right Circle which cuts the ſaid oblique Circle at 
Right Angles, and Mark where theſe two Parallels cut 
the Primitive Circle, and the Diftance between theſc 
two Marks meaſured on the Chords, is the Meaſure af 
the oblique Circle required. ” 

Note, There is no Way to Project theſe oblique Cir- 
cles, but by fiading a great Namber of Points through 
which they are to paſs, and ſo by a ſteady Hand, or the 
Help of a Bow, draw it thro' the ſaid Points ; but the 
Operation being tedious, and of little Uſe, it is ſel- 
dom put in Practice: Nevertheleſs I ſhall hereafter ſhew 


> 


how 4 K are done, as alſo all the reſt, as in the fok 
x | | | 
An 


Jowing Example. 
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4n Orthegraphick Projection of the $ phere upon 
pa 5 Plain of the Meridian, For 


Latitude of London 51—3 2 
Sun's Declination North 22—30 


Firſt, With the Chord of 69, Draw the Circle PE 
50, to repreſent the Meridian; then draw the | 


[Diameter HO to repreſent the Horizon, Fig. 64. 


and at Right Angles to it draw the Line Z 

to repreſent the Prime Vertical; then ſet off the Lati- 
tude, 51 32 (taken off the Chords) from o to P, and 
from H'to S, and Draw the Line PRS to repreſent 
the Axis of the World, P the North Pole, and S the 
South Pole: Then at right Angles with the Line PS, 
draw the Line E © to repreſent the Equator : Then 
ſet the Chord of the given Declination 72. 3o from E 
to D, and from Q ro C, and draw the Line DC the 
Parallel of the Sun's Declination: Set off the Chord cf 
23 30, the Sun's greateſt Declination from E to T, and 
from Q to K, and draw the Line TK to repreſent the 
Ecliptick : Set off alſo the Chord of 23 30 from P 
to J and g, and draw the Line 7 to repreſent the 
Ar&tick Circle, and the ſame from S tor and 2, and 


| draw the Line r 0 to repreſent the AntarQick Circle: 


Then from , thro' the Point © draw the Meridian 
Phe B; thus here is given in this Meridian the Point 
Fand the Point G; then to find the Point E, another 
Point thro' which this Meridian is to paſs, divide the 
Line ER after the ſame Proportion that the Line DF 
is divided, at the Point ©, that is, as FD to F e, fo 
RE to RB, and make the Mark B, and by the ſame: 
Means find the Point h in the Line 2g: Then thro' the 
Points Ph & B with a Bow, Curving or Bending gra- 
dually, draw the Prick'd Curving Line Ph B to re. 
preſent a Part of another Meridian; All which be. 
ing finith'd you may proceed to anſwer the tollowing 
Problems, ET 

1 To 


# 
nd 
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1. To find the Sun's Longitude or Diſtance from the ner 
Equinoctial Point. FR b 
The Sun's Longitude, or Diſtance from the ney 
EquinoRial Point, is an Arch of the Ecliptick, contain} 
between the Center R (or Interſection of the Ecliptic 
and Equator) and the Point ©, (the Interſection of the 
Ecliptick and Parallel of Declination) fo here & © mes. 
ſured on the Sines, is the Sun's Diſtance from the nen. 
EquinoRial Point. 1 
2. Of the Sun's right Aſcenſon. OE: 
It is an Arch of the Equator, contained between the 
Equinoctial Point R, and the Point where the Meridia 
drawn thro © cuts the Equator, as in G, fo R G, mex 
ſured on the Sines, gives the right Aſcenſion required. 
Note, If it be thought too much Trouble to dns 
theſe Meridians, all theſe Problems, which can be don 
by the Help of theſe Meridians, may be done without 
them, if you reduce the leſſer Circles to the common 
Radius; therefore F © is the ſine of the Sun's right Aſcen. 
ſion to a leſſer Radius FD; which may be reduced to 
the common Radius thus. Suppoſe I would find the 
Sun's right Aſcenſion: Ser F D from R to d, upon the 
Line R E, then with the Extent Fe, and one Foot in 
d, deſcribe the Arch e; a Ruler laid from N, by the 
Extremity of that Arch will cut the Primitive Circle 
in o; then Ho meaſured on the Chords is equal to Fe, 
the Sun's right Aſcenſton required. | 


Vote, When any Arch of a leſſer Circle is to be mer 
ſured, it muſt be firſt reduced to the. common Radius, 
and meaſured as before. | 5 


7 To find the Hour of the Day. . 
The Hour from ſix a Clock is an Arch of the Parallel 
of Declination, contain d between the Line P& and the 
Point @, which reduced to the common Radius, and 
meaſured as in Problem the ſecond, gives the Degrees of 
Ces Saircle,. which, alowing 35 Segreer far an: hou, Wh: 


— 


— 
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Ind one degree to 4 Minutes of Time, gives the hour 
rom 6. 

4. To find the Time of the Sun's Rifing and Setting. 
The Arch Fy reduced to the common Radius by 


Wives the Hour that the Sun Riſes before 6, or Sets 
fter 6. 

Note, If the Sun had had 22 4 30 m South Declina- 
ion, it muſt have been repreſented by the Parallel f 
„and then the Arch h ; reduced as before would have 
ven the Time of Sun's Riſing after, or Setting be- 
ore Ca Clock | | * 


the . To find the Length of the Day or Night. . 
inn hat part of the Parallel of Declination which is aboys 
es Nhe Horizon, reduced as in Prob. 2 and 3, and doubled gives 
, ie Length of the Day, and that Part which is below 


he Horizon gives the Length of the Night : Thus Dy 
ves the Length of the Day, and yc the Length of the 
ight, when the Sun hath 23 d 5 m North Declination, 
ac 7 h gives the Length of the Day, and h u the 
ength of the Night in the ſame South Beclination. 


6. To find the Sun's Amplitude. 


the The Sun's Amplitude is an Auch of the Horizon core 
he zine& between the Eaſt or Weſt Point, and the Point 
ho here the Sun riſes or ſets : Thus Ry is the Amplitude 


North, or R h in South Declination, which. becauſe 


ation with the Declination, whether North or South. 
ez. 7. To find what Hour the Sun will be due Eaſt or Weſt. 
The Sun is Eaft or Weſt when in the Line Z NM, and 
it is 6a Clock when the Sun is in the Line PS, there- 
fore the Arch X F, reduced by Prob. 2 and 3, gives the 


le er 6 in the Evening that it is due Weſt. 

he 8. To find the Sun's Altitude when. Eaft or Weſt. 

n The Arch R X meaſured on the Sines, gives the Sun's 
of Altitude when Eaſt or Weſt. ' 


9. To find the Sun's Altitude at 6 8 Clock. 


ob. 2. and the Degrees reduced to Time by Prob, 3. 


cle t is am Arch of a great Circle is meaſured on the Sines. 
9, Note, The Amplitude is always of the ſame Denomi- 


Hour after 6 in the Morning, that the Sun is due Eaft, 


” * 
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The Arch FWequal to Ra, meaſured on the Sing 
gives the Sun's Altitude at 6. 


10. To find the Sun's Azimuth at 6  — 
The Arch 4 FE, reduced by Prob. 2. gives the Azimuth 
at 6 required, accounting the Azimuth from the Ef 
or Weſt; but if from the North the Arch F » reduced 
as before anſwers the Problem. . 
11. To fond the Sun's Azimuth at any given Hour; « 
Juppele 5 in the Morning, or 7 at Night. i re 
have thought fit to inſert. this Problems, not only fi 
its Uſefulneſs, but becauſe it is performed by another 
Method of reducing a leſſer Circle to the common Rs. 
dius, which is the Inverſe of that Way of reducing 
mentioned in Prob. 2. As for Example, Becauſes in 
the Morning is one Hour before 6, and every Hour d 
Time is equal to 15 Degrees of a greater (or leſſer) Cir 
cle; therefore ſer off 15 Degrees from F towards), 
which is done thus. 
Set off FC from R to d upon the Line RH: Set cf 
15 of the Chords from H tog, and draw the prickl 
Line Rg, the neareſt Diſtance from the Point d to th 
Line ſer from F to his 15 Degrees, or an Hour d 
Time in that leſſer Circle, and the Point J is the Plat 
of the Sun at 5 in the Morning, and the Arch bl 1 
duced to the common Radius by Prob. 2, gives the Sun: 
Azimuth from the Faſt Northwards at 5 in the Mo: 
ning, or from the Weſt Northwards at 7 in the Ex. 
ning; and by this Method you may ſet off any Numbe 
of Degrees upon any Parallel or leſſer Circle, a Thing 
of great Uſe in Orthographick Projection. | 
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2 S x C T. IL : 
Of the Stereographick Projection of the Spbere, 
f upon the Plane of the Meridian. 4 3 


nTercograpbick Projection af the Sphere (as well as 
Orthographick) is a Branch of Perſpective; 


fin this the Eye is ſuppoſed to be placed in the Fig. 65. 
the pole of chat great Circle upon whole Plane the | 

u. projedtion is to be made; hut in the Pole oppoſite to 
cing chat half that is to be Projected, the ſeveral Circles ſup- 
5 1 vos d to be transferr'd to a Plane biſecting the Sphere 
r o in the Circle upon which the Projection is made, and 
Ci. chis Projection hath this Excellency that no other Per- 
i; pedive Projection is capable of; for upon this all 


Circles of the Sphere greater or leſſer, (except right Cir- 
les) are alſo Circles upon the Plane of the Projection, 
and will anſwer the appearance, and the Laws of Pro- 
jeding and Meaſuring as well without the Primitive 
ircle as within it, which makes this Projection more 
Commodious and more Practiſed than any other. 


1 In this Kind of Projection there are four Sorts of Cir- 
du cles, 912; The primitive Circle, a right Circle, an ob- 
=. lique Circle, and a parallel Circle. 

v 


1. The Primitive is a perfect round Circle, upon 
vhoſe Plain the Projection is made; and in this Cafe it 
ö the Meridian of the Place; as here the Circle Z HNO 
is the primitive Circle. | | Fo Io 
2. A right Circle is a ſtrait Line, or Diameter of the 
primitive Circle, which cuts the primitive in two op- 
Profite Points, and divides it into two equal parts, as 
440 the Horizon, or EA © the Equator, Cc. 

. 3. An oblique Circle cuts the Primitive at tivo op- 
ci bote Points, but divides it not into two equal Parts, 
gs e NM, an Azimuth, or PSS a Meridian. | 
4. A parallel Circle is a leſſer Circle, neither cutting 
the primitive in oppoſite Points, not dividing it in 

T 
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two equal Parts, as De F, a parallel of Declinatiy 
or BS C, 2 parallel of Altitude. 


PRO B. I. How to find the Center of any Circle, 


1. The primitive Circle is always drawn with th 
Chord of 60 Degrees, upon the Center 4. 

2. A right Circle, (being a ſtraight Line) hath 
Canter: - | 
3. The Center of an oblique Circle always fallsj 
that right Circle which cuts the ſaid oblique Circle i 
two equal Parts; thus the Center of the Circle Z el 
falls in the right Circle HA O, and the Center of th 
Circle Pes falls in the right Circle EA Q; and if y 
Have three Points, as Z © , thro which the Circle 
to paſs, the Center is tound by the ſixth Geometrig 
Problem at the Beginning of this Book; but if you han 
given the Angle that the oblique Circle is to mal 


with the primitive Circle, ſet the Tangent of the ſi tl 
Angle from A upon the the Line H AO, or with th # 


Secant of the ſaid Angle, and one Foot in Z or NM, wit 
the other croſs the Line H AO, either Way you ſul 
find the Center of the oblique Circle required. 
4. For the Center of a parallel Circle, having it 
Diſtance from the right Circle, to which it is Parall 
given, ſet off the Chord of that Diſtance upon the pi 
mitive Circle from each End of the right Circle, a 
the half Tangent of the ſaid Diſtance from the Center 
upon that right Circle which cuts the other at ri! 
Angles, and ſo you have three Points thro' which tit 
Parallel is to paſs to find its Center by the ſixth Gn 
metrical Problem, 4 
Or thus, Suppoſe I would find the Center of the l. 
rallel of Declination D e F, ſet the Tangent oft 
Complement of the Sun's Declination from D or F. 
the Secant of the ſame from A upon the line SAI 
continued, and that ſhall find the Center required. 


PROM 
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On, | | : 
PROB. II. To find the Pole of any Circle. 


Note, The Pole of any great Circle is always 90 deg. 
om its Periphery: Therefore, | 
1. The Pole of the Primitive is always at its Center 


2. The Pole of a right Circle is always in the Pri- 
. Writive; as the Pole of the right Circle HAO is at Z, 
nd the Pole of the right Circle EA is at Pand S, 


- 
4. For the Pole of an oblique Circle, as ſuppoſe the 
ircle Z N, obſerve where the ſaid oblique Circle 
ts the right Circle, which it cuts at right Angles, as 
ere in the Point G, lay a Ruler from E to G it cuts 
e Primitive in y; ſet off go of the Chords from y to 
| a Ruler laid from Z to K cuts the Circle H AO in 
| the Pole of the oblique Circle required. = 
4. The Pole of a parallel Circle is always in the Pole 
that right Circle to which it is parallel; thus the 
ole of the Parallel De Fis at P, the Pole of the right 
irele E A Q, &c. | 
Note, An Arch of a parallel Circle is never made a 
le of a ſpherical Triangle, they being all compoſed 
arches of great Circles, whether Primitive, Right, 
Oblique, | E 


P RO B. III. To Projett any given Angle, 


1. To make an Angle of 23 30 at the Center of the 
imitive with the right Circle E ©, 


ne Lt 23 30 of the Chords from E to 4, and from Q 

en and draw the Line or right Circle 7, it makes 

FA the Center) the Angle required. 
. To draw an oblique Circle to make at Z an Angle 


8 Degrees with the Primitive. „ 
he Center of this Circle will fall in the right Cir- 
HA O by Prob. I. Set the Tangent of 48 rhe given 
gle. from A rowards O, it will reach to r, then upon 
as a Center with the extent Z orr N draw the ob- 
Q 2 —_— 


from the ſame Radius ſet off 35 Degrees (the Comp! 
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lique Circle Z GN it will make at Z the Angle n. 
quired. -- | 


3- To draw an oblique Circle to make a given An 1 
at the Primitive with another oblique Circle, as ſuppoſe ef 
I would draw an oblique Circle, to make at Pan Anglſfuft 
of 48 Degrees with the oblique Circle Pt S. ole 


Lay a Scale from P tot (the Point where the oblique 
Circle cuts the right Circle in which its Center falls han 
it will cut the Primitive in «, ſet the given Angle 43 
of the Chords from « to æ a Scale laid from P to x wil 
cut the foreſaid right Circle in , draw the Circle Pug 
by Prob. 1, it is the oblique Circle required. 

4. To Project any given Angle within the Primitin 
but not at the Center. 

We ſhall add this general Rule to what was laid dom 
Prob. 1. v:z. that as I faid there the Centers of all db. 
lique Circles fall in that right Circle which cuts then 
at right Angles. I ſhall now add, that the Centers d 
all oblique Circles that paſs thro' the ſame Point in the 
right Circle do fall in a right line drawn thro' the Cen 
ter of the ſaid oblique Circle, and at right Angles vil 
the ſaid right Circle; Example, becauſe the Point ry 
the Center of the oblique Circle Z & NM, therefore tle 
Centers of all 'oblique Circles that paſs through tit 
Point G ſhall fall in the Line c d continued which paſs 
thro' the Point r and cuts the ſaid right Circle at right 
Angles, Cc. which being well underſtood the Applia: 
tion is eaſy ; as for Inſtance, it is required to drawai 
oblique Circle thro the Point G in the right Cir 
HAO to make with the ſaid right Circle an Angled 
55 Degrees. | 

Lay a Scale from Z to G it will cut the Primitive u 
y, the Arch Hy meaſured on the Chords is 48 Degries 
(the meaſure of the Angle HZ G) therefore ſet tit 


Tangent of 48 from A to r, and thro? 7 at right Ang It 
to the right Circles HAO draw c d continued, then vid Circ 
any Radius and one foot in G draw the Arch f N, ani Fi 


ment of the Angle to be made at G) from f to1,1 
Scale laid from G to 7 will cut cd in m, with the Extell 
25 C, and one foot in , deſcribe the oblique Circle Sc 

f ; : I 
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it is the Circle required, and makes the given Angle 
55 at G with the right Circle HA0. 

Theſe Directions, with the rules for Meaſuring Arches 
ef Circles and Angles which follow in Order, will be 
ge ſuffcient to inſtruct the Learner in Projecting any An- 
ole required to be made by a given oblique Circle 
with another oblique Circle to be projected and thro' 


; 
i 

nie 2 given Point in the ſaid Circle; but there is in this 
e Me another Variety, which is 

wlll To draw a right Circle to make with an oblique 


Circle any given Angle; in order to the Underſtanding 
of which this general Rule may be neceſlary, viz, | 

That the diftance between the Poles of any two great 
Circles (meaſured upon a great Circle drawn between 
the ſaid Poles) is equal to the Angle made by the In- 
terſeftion of the ſaid Circles, and conſequently to Project 
the ſaid given Angle is but the reverſe of the former; for 
shaving found the Pole of the given oblique Circle, draw a 
ih arallel Circle about the faid Pole diſtant from it, equal 
Cen to the Quantity of the Angle propoſed, and where that 
withParallel cuts the Primitive ſhall be the Pole of the right 
r vCircle, from which ſet off go Degrees both ways upon 
uche. Primitive, theſe Points and the Center ſhall be 
tu three Points in a right Line thro' which the right Circle 
alles to be drawn, and where-ever it interſects the oblique 
gu Circle it makes the Angle required to be made, but that 
lia: Interſection is confined to that Point of Interſection 
only; but as we have not yet taught how to draw a Pa- 
nllel to an oblique Circle at any given Diſtance from 
it, it ſhall next follow. | 


PROB. IV. To draw 4 Parallel to an oblique Cir- 
cle at any given Diſtance from it. 8 


It is required to draw a Circle Parallel to the oblique 
Circle PHS 30 Degrees diſtant from its Pole. i 
Find the Pole of the oblique Circle by Prob. 2. which 
will be found at /, lay a Scale from S to b. it will cut 
the Primitive in , fer 60 Degrees (the arallels Di- 
lance from the Pole of the oblique Circle) both ways 
alk from 
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from | to Pandi a Scale laid from S to Pwill cut Eg ina 
which happens at or near the Center of the Circle, als R. 
a Scale laid from & to u will cut Q E (continued) in- 

the Space # A divided equally in t with the Extent 4; 
or At and one fpot in : deſcribe the Circle à Z A, iti 
the Parallel required, and f, its Pole is alſo the 


Pole of the oblique Circle S to which it js P. 
rallel. 5 | 


PROB. v. Toſet of any Nankerof Degree, . 


@ great Circle. 


In this Problem are three Varietiess 
1. To ſet off any Number of Degrees upon the Pri. 
mitive, ſuppoſe 51 deg. 32 min. from O upwards. 
Take 51 32 off the Chords, and with that Extent 
and one foot in O, the other will reach to P, the Arch 
OP being 51 32 as required. 
2. To ſet off any Number of Degrees upon 2 gh 
Circle; ſuppoſe 22 30 from the Center A towards F. 
Take the half Tangent of 22 3o, and ſetting one foot 
in A the other will reach to h, and the Arch Ah i 
22 30 required, and H its Complement to go, viz. 67, 
. 
Note, If you ſet off any Number of Degrees upon: 
right Circle from the Center, you muſt account from 
the beginning of the half Tangents, and reckon forwards; 
but if you begin at the Primitive, you muſt alſo beginat 
99 of the half Tangents and reckon backwards ; thus 
if you had to ſet 67 30 from P you muſt take 67 30 
backwards, viz. from 90 to 22 30 which will reach to 
þ as before. — IR ek 1285 
But if you have any Degrees to ſet off upon any in- 
termediate Arch between Fe Center and the Peripher, 
55 fomething more difficult; but the following Rule is 
Univerſal in all Varieties of this Problem. 
Set the Chord of 22 30 from E towards Z, it wil 
reach to 3, lay a Scale from © to 7 it will cut PF inh, 
Fhen jo 4% 22 0 as was required 


PROVE 
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pRO B. VI. How to meaſure any Side of a Triangle, 
a or Arch of à great Circle. 
1. Any Arch of the Primitive is always meaſured 
he pon the Chords. | | 

2, Any Arch of a right Circle is always meaſured upon 
the half Tangents. : | 

Any Arch of an oblique Circle is meaſured thus. 
Lay a Ruler from the Pole of the ſaid oblique Cir- 
e, over the Extremities of the ſaid Arch, and obſerve 
where it cuts the Primitive, and that Diſtance meaſured 
n the Chords gives the Quantity of the Arch required. 
Erample, Suppoſe I would meaſure the Arch 8G of 
ke Circle Z@N: Lay a Ruler from g (the Pole of 
he ſaid Circle) to ©, it cuts the Primitive in B: Again, 
Ruler laid from ꝗ to G cuts the Primitive in , the 
Diſtance B H, meaſured on the Chords gives the Quan- 
tiry of the Arch © G required. 


oot PR OB VII. How to meaſure any ſpherical Angle. 


% This one Rule is univerſally uſeful in all Caſes 
whether the Sides including the Angle be Arches of the 


n 2 Wrinitive, Right or Oblique Circle) viz. Lay a Rule 
rom from the Angle over the Poles of the two Circles inclu- 
rü ing the Angle, and obſerve at what two Places the 
nat Ruler cuts the Primitive, for that Diſtance meaſured 
thus W Chords gives the Quantity of the Angle re- 
v ulred. 


Example, I would meaſure the Angle Zo of the 
tiangle ZP: Lay a Ruler from & to g (the Pole of 
ne of the Circles including the Angles) it cuts the Pri- 
nitive in , and then a Ruler laid from & to e (the 
kole of the other Circle Including the Angle) it Cuts 
he Primitive in 4; the Arch & 4 meaſured on the 
hords gives the Quantity of the Angle Z © P tequired. 
By theſe DireQions, and the Inverſe of them, you 
way ſet off any Number of Degrees, or lay down any 
Angle required, as will be further illuſtrated in the 
olowing Example, the Room aſſigned fof this Subject 
(vt permitting me to enlarge upon it. | 


|: 
91 Q 4 Stereo- 
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A Stere- graphick Project ion of the Sphere, wo 
| the Plane of the Meridian. For, 


| hs | | = ; | d. m. 
LU.aatitude of London 51—32 
| IT Suns De lination 22—30 


How to Fr e A the Sp ber e Stereographically upon the Play 
F the Meridian. 


. Firſt with the Chord of 60 Degrees, and one Foot 
of the Compaſſes in the Center A, deſeribe the Pri 
mitive Circle ZH NO to repreſent the Meridian; dray 


the Diameter HA O to repreſent the Horizon, and at 2 
right Angles to ir, draw the Diameter Z A MN the A F 
muth of Faſt and Weſt: Then becauſe the Pole is 514 ar 
32 m above the Horizon, ſet off 31 d 32 » of the Chord in 
rom O to E and from H to S, then is P the North WW”; 
Pole, and & the South Pole: Draw the Diameter Sh be 
the Axis of the World, and Hour Line of 6, and a {WI 
right Angles to it, the Diameter E © the Equator: 180 
- Alfo. becauſe the Sun's Dectination is 22 d 30 m, draw 47 
the Parallel of Declination De Fat 224 30m diſtance fror 
from the Equator Northward, by Prob. 1. hereof. Now! 
the Sun being in the Parallel 20 E and alſo in the Wile 
Ecliprick 4 © witmuſt be at the croffing of thoſe Circles ¶ ſub 


242. at the Point e, which is the true Place of the dun Or 
in the Projection, which being found you have three 

Points, Z, &, N, thro which to draw the Azimuth Z il - 
and 3 Points PS, through which to draw the Meridian WM 
Pe 5, both which are done by Prob. 1. hereof; and then WW 
the Parallel 3 F is the Parallel deſcribed by the Suns ha 
Motion, that Day the Sun Riſing and Setting at 2, and p 
£%8 os OEOTTTOR 3 0005 ͤ OBE 13 £23k 5: ©, ar BL 


w 2 
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t 6a Clock at b, and Eaſt or Weſt at , and upon the 
Meridian at 4, &c- which 1s ſo intelligible that it needs 
no further Hluſtration. 5 
For the Ecliptick, Set off 23 d 30 m (the Sun's great- 
f Declination) from E to 7, and from Q to W, and 
jaw the Diameter 7 ., which ſhall repreſent the Eclip- 


pick. ON 
| By Prob. 1. hereof, Draw the Meridian Pm: S, and the 
Azimuth ZH and thro the Point © (where the Eclip- 
ik cuts the Parallel of Declination) draw the Meridian 
9.5. | * 


1. To find the Suns Longitude or Diftance from the 
neareſt Equinoctial Point. | BR 

The Arch of the Equator A ©, meaſured on the half 
Tangents, and the Degrees and Minutes found reduced 
to Signs, Degrees and Minutes of the Ecliptick, allow- 
ing 30 Degrees to a Sign Oc. gives the Sun's Longitude 
required, | 


d at 2. 17 the Sun's right Aſcenfon. | 

Ui. The Arch of the Equator At meaſured on the half 
511 langents, gives the Sun's right Aſcenſion when he is 
0s in Aries, Taurus, or Cemini; but if in Cancer, Leo, or 
, the Degrees fo found ſubtracted from 1 80, gives 
the right Aſcenſion: And when the Sun is in Libra, 
ant Scorpio, or Sagittary, the Degrees fo found added te 
or: 180, gives the right Aſcenſion; but if in Capricorn 
raw Aquarius, or Piſces, the Degrees ſo found ſubtracted 
ne {MW from 3&0, ſhews the right Aſcenſion required, 

o Note, For finding the exact Degrees and Minutes of 
the the Sun's right Aſcenſion, the fame Rules of adding and 
les WW ſubtracting the Degrees found are to be uſed in the 
dun Orthographick Projection alſo. : * 


M3. To find the Hour of the Day. 
ian W Obſerve where the Meridian POS cuts the Equator, 
hen as in , the Arch At of the Equator meaſured on the 
ns half. Tangents, and reduced to Time, allowing 15 deg. 
nd an Hour, @c. gives the Hour paſt 6 in the Morning, 
er the Hours wanting of 6 at Night. FO 


2a 


\ 
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Or thus: In the Oblique Triangle Z Pe, the Angle 
at E, meaſured by Prob. 4. and reduced to Time as above, 
gives the Hours wanting of 12, if in the Forenoon 
the Hours paſt 12, if in the Afternoon. 


1 


5 01 


+ To find the Time of the Sun's Rifing and Setting. 
hro* the Point g (where the Parallel of Declination 
cuts the Horizon) draw the Meridian Pg S, and obſerve 
where it cuts the Equator, as in ö, the Arch Ab mes. 
Pan on the half Tangents, and the Degrees reduced to 
ime, give the Hour and Minutes that the Sun riſe 
before 6 in the Morning, or Sets after 6 in the Fven- 
ing, or if in South Declination, where the Parallel d 
Declination interſects the Horizon on the other Side 
of the Line PS, or Hour Line of 6, it gives Sun's Riſing 
after 6, or Setting before 6, Cc. | 


To find the Length of the Day or Night. 

he Hour and Minute of the Sun's Serting doubled 
gives the Length of the Day, the Time of Sun's Riſing 
doubled gives the Length of the Night. | 


6. To find the Sun's Amplitude. 

The Arch of the Horizon A g (being an Arch con- 
tained between the Sun's Riſing or Setting at g, and 
the due Eaſt or Weſt Point at 4) meaſured on the half 
Tangents gives the true Amplitude from the Eaſt or 
Welt required. 


7. To find what Hour the Sun will be Eaſt or Weſt. 

The Sun is Eaft or Weſt in , the Point where the 
Parallel of Declination cuts the prime Vertical, or Eil 
and Weſt Line Z A N; therefore having drawn the Me. 
ridian PMS, obſerve where it cuts the ber, as at 
w, then Aw meaſured on the half Tangents, and re- 
duced to Time, gives the Hour after 6 in the Morning 
that the Sun is due Eaſt, or the Hour before 6 in the 


I 


Evening that the Sun is due Weſt, 


8. To 


—_— ena 
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8. To find the Sun's Altitude when Eaſt or Wefl, 
The Arch Am, meaſured on the half Tangents, an- 
wers _ > 0k and gives the Sun's Altitude when 
or Weſt. | | 


To find the Sun's Altitude at 6 a-Clock. | 
The Sun is in the Point þ at 6 a Clock, therefore the 
uch he meaſured by Prob. 3. gives the Sun's Altitude 
t 6 required. | 


10. To find the Sun's Azimuth at 6 a Clock, 


we The Arch of the Horizon Ae, meafured on the half 
ie WP engents, gives the Sun's Azimuth from the Eaſt or 
10 Neft required, whoſe Complement to 90 is the Azimuth 


from the North, Cc. 


11. To find the Sun's Azimuth at any Hour or Altitude, 
7 oppoſe when in the Point © in this Frojection. 

rom Z to NM, and thro the Point , draw the Azi- 
uth Z ON, as before directed, and obſerve where 
tcuts the Horizon as in G, then the Arch AG mea- 
ured on the half Tangents, gives the Azimuth from the 
iſt or Weſt required. | | 
Thus have I given you a Taſte of all rhe moſt uſeful 
Froblems, relating to the Orthographick and Stereogra- 
phick Projections of the Sphere; of which I ſhall add 
ho more at this time, but proceed to Spherical Trigo- 
nometry, and its application to Practical Aſtronomy, in 
pieir proper Places, F 


SECT: 


A Plain Triangles, conſiſt of three right lined fidg 


two are either Conjuncts, or Dis juncts, viz. either hull 


Fig. $1. A would be mid 
| would be middle Part 
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and three Angles made by their Interſecting ea 
other, ſo Spherical Triangles are made by the Int 
ſection of the Arches of three great Circles of the Sphapt 
and of thoſe there are three ſorts, viz, right Angle 
Oblique, and Quadrantal, but the two: firſt kinds 
moſt in Uſe, and as theſe great Circles of the Spha 
are either Meridians, Azimuths, Cc. when they ing 
ſect each other ſo as to make a ſpherical Triangle, 
ſolution of ſuch Triangles is what is generally allf 
1 „ 
In ſpherical Triangles obſerve theſe Solutions. 

1. Each Triangle hath 6 Parts, viz. 3 Sides an 


es. TM | 

2. In right Angled Triangles there are 5 alli 
circular Parts, viz. the two Legs, and Hipotenulf 
and 2 acute Angles, the right Angle being not log 
upon as any — in this Caſe. Tod 74 
3. Of theſe. 8 there are always two Ben and of 
required (Fel two and Radius being ſufficient to, fill 
our: he ourth- Term required) and of theſe thi 
there is always one call'd middle Part, and the othi 


next middle Part, or both ſeparated from it by a Fail 
not mentioned in the Queſtion, as in the Scheme, ſup 
poſe in the Pentagon ABCDE, if AB and E were Ul 
Parts mention'd 8 given or require 
dle Part, and Band E woul 

be Conjuncts, but if DA, and B were given, 
and A and B Dis juncts, andW 
this be underſtood” of the Pentagon it may be 
- . readily underſtood of a Triangle; for ſuppo 
Eg. 82. the three ſides AC, and E, and the two Ang 
| B and D all which are called circular Par 
ere any three of rhem rhe Parts given or required; 
tor Laſtance, if BCand D then C would be middle Fall 
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and D Conjunas, or if A C and D were the Parts 
Fen or required, A would be middle Part, and C and 
Pisjuncts becauſe B is between A and C, and E is be- 
EC... ao. itrinr 3 
„ Then the fundamental Proportion is, Ar Radius 
Tangent of one Conjunct, ſo Tangent of the other Cen- 
11 to . Part.:; ... EE TE 
And As Radius to fine Complement of one Diejundt, fo 
ne Complement of the other Disjunct to Sine of middle Fart 
—Only— 5 22 
6. The 8 and two acute Angles, vis. AE 
d D are called by their Complements, that is; if any 
them are middle Parts it is called Sine Complement 
ead of Sine, or if Conjuncts they are called Tangent 
pmplement inftead of Tangent, and conſequently if 
isjuncts they are called Sine inſtead of Sine Comple- 
nt, Cc. np $951 $6 
6. As in the fundamental Proportion middie Part is 
e laſt Term, it will follow that if middle part be gi- 
n, and a — junct required the Proportion muſt be 
verted, vis. As Tangent of the given Conguntt to Ra- 
, % Size of middle Fart to the Tangent of the required 
ant, &c. Underſtand the ſame of Disjundts. 
7. In all ſpherical Triangles the Sines of the ſides are 
oportional to the Sines of their oppoſite Angles, vi. 
ine of D to Sine of B, ſo Sine of A to 
e of C, and ſo Radius to Sine of C, Cc. Hg. 82. 
8. Oblique Triangles may be brought under 
Working it as two right Angled ones, only obſerve to 
Wt your Perpendicular fall from the end of a given fide, and 
ee io 4 given Angle, which when done, all the 


les, and the following Concluſions. 
| c ONCLUSN S 
W : The Coſines of the Angles an the Baſe 5 are dis | 


ly Proportionable to the vines of the Vertical An- 
98. WM 7 


90 BE: 


2. The 


e foregoing Rules by letting fall a Perpendicular and _— 


relve Caſes in Oblique may be perform'd by theſe _ _ + : 1 
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2. The Sines of the Baſes and Tangents of the Ang] 
at the Baſe are gs ry Proportional. 
3. The Coſines of the Segments of the Baſe and C 
fines of the Hi potenuſes are in direct Proportion. 
: 4» The Tangents of the Hipotenuſes are reciprocall 
Proportional to the Coſines of the Vertical Angle:, 

5. The Tangents of the Baſes are Proportional to th 
Tangents of the vertical Angles. 

6. In all oblique ſpherical Triangles when a Perpendi 
cular is let fall from the greateſt Angle to the greate 
Side, it will be, as Tangent of half the Baſe to Tanga 
of half the Sum of the Sides, ſo Tangent of halt th 
Difference of the Sides to Tangent of half the Differ 
ence of the Segments of the Baſe ; which half Difference 
being added to the half Baſe, the Sum is the greate 

ment but ſubtracted from it, the remainder is the 
leſſer Segnient. x 

Theſe are ſufficient for all the 28 Caſes, yet for Va 
riety 1 ſhall inſert another Operation where three Sides 
are given to find an Angle, viz. 
Add the three Sides together, and from their hal 
Sum, ſubtra& the Side oppoſite to the Angle required 
then to the Complement Arithmetical of the Log-Sines 
of the containing Sides, add the Log:Sines of that hal 
Sum and remainder, half the Total of theſe four Logs 

e is the Sine Complement of half the Angle re. 
quired. 
3 Theſe Directions well underſtood, being ſufficient to 
folve all the 28 Caſes of ſpherical Triangles, I ſhall 
give a brief Inſtance in each Caſe, to help the Memory 
as well as the Underſtanding of the Learner, and ſhall 
apply them more largely when I come to ſpeak of Aſtro» 
nomy it ſelf. | 

Note, I ſhall for brevity ſake put & for Sine, S C for 
Sine Complement, T for Tangent, T C for Tangent 
Complement, and R for Radius ; and ſhall only mention 
the Proportions there, and ſhall perform the Calcul:- 
tions from the ſame Reaſons afterwards ; Note, Mark 
the given Parts with a daſh thus 1 the required thus o. 


CASE. 
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CASE I. Fig. 83. 


Given 5 22 4 58 Required AB 


Here by the foregoing directions A is middle Part, 
nd AD and AB are Conjuncts, and though middle 
ut is a Sine, yet being an Angle it becomes a Sine 
mplement alſo, AD being a Conjunct ſhould be a 
[.ngent, but being the Hypotenuſe, it is a Tangent 
mplement likewiſe, becauſe middle Part is given 
i fundamental Proportion muſt be inverted, all which 


ing conſider'd the Analogy is. 


As T. C. AD to R. fo SC. 4 to T. AB. 
CASE IL Eg. 84. 


mn the Hipotenuſe and an Angle, to find the Leg oh- 
5 poſſte to the given Angle. 8 


nnn 4 
Civen 2 potenuſe AD 8 Required BD 


Here B D is middle Part and AD and A are Diſ- 
iis therefore the Proportion is | 


As Rad. to 8. AD, ſo S. A to S. BD. 
CASE UI. Fig. 85. 


45 Given the Hifotenuſe, and an Angle to find the other 
| mole 
rion oo 


ule 
„ CHipotenuſe 4 h ” 
a Given Fe - - S Roque the Angle D 


SE, 


Here 
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Here AD is middle Part, and the Angles A an 
are Conjuncts, therefore the Proportion is: 
As TC. A to Rad. ſo SC. AD to T. C. D. 
CASE VV. Fig. 86. 
Given the Hipotenuſe and 4 Leg, to find the Angle 
3 55 cluded between them. 
Civen 2 Leg ® (Required the Angle A. 
The Angle A is middle Part, and AD, and A3. 
Conjuncts, therefore the Proportion is: 
As Rad. to T. A, ſo T C. AD to s C. 4. 
CASE V. Fig. 87. 


Given the Hypotenuſe and 4 Leg, to find the Angle of 
ſite to the given Leg, 


Given 3 125 go” D : Required the Angle D. 


Here AB is middle Part and A D and D are Disjuna 
therefore the Proportion is: | 


As S. AD to Rad.ſoS. AB to S. D. 
CASE VI. Hg. 88. | 
| Given the Hypotenuſe and # Leg, to find the other Lag. 


Civen > 340g" — © Required BD 
2 OS K | 


C 
2 
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Here AD is middle Part and AB and BD are Diſ- 
and Winds, therefore the Proportion ise- - 


SC. AB to Rad. ſo S C. AD to SC. B D. 


CASE vu. B. 85. 


nen an Angle 4 4 Lig adjacent, to find the Leg 2 
to the given Angle. 


ren 3 ed che Leg FG. . 


u this Caſe E F is middle Part, and the other Parts 
x Conjuncts, therefore the Proportion is : 


As TC. E to Rad. ſo S. E F to T. FG. 
CASE VIII. Eg. go. 

zen an An le and 4 Leg adjacent, to find the Angle 

v oppoſite to the given Leg. p by 


Given Nez 5 751 Required Angle 2 


Here the Angle G is middle Part, and E F and E are 
ijunas, therefore the Proportion is: 


u Rad. to 8 C. E F, ſo 8. E to SC. G. 


CASE IX. H. 91. 
Given an Angle and 4 Leg adjacent, to find the Hypotes 


AUjCs 


D. 


Lig; 
mw Ang le E | 
Given « $ Os EF 5 Required EG. 


The Angle E E is middle Part, and EF nad EG are 
Conjunds, 3 the Proportion 12: 


V T. EF to Rad: ſo SC. E to TC. EC. 
R A8 
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CASE X. Fig. 92. 


Given an Angle and æ Leg oppofte,to find the L ar 
to the groen Een 
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Given L 26 Required E F. 


F 
The side E F is middle Part, and 3 E and Sic jun 
FG are Con Junds, therefore the Proportion i is: a 
As Rad. to T. FG, ſo TC. E to S. EF. 
CASE XI. Ff. 93 
Given an Angle and 4 Leg oppoſite, to find the Aug 
adjacent to the ge Leg. 


7 $ovs 763 Required Angle G. 


Here E is middle part, and F - and Angle C. 
Dis juncts, therefore the Proportion be 4 


As SC. FC to Rad. ſo SC. E toS. G. 


CASE XII. Fig 94 © 
Eiven an Angie and a Leg Phe, 20 Aan 


tens 45 | 


. 
> — — 
— — - 


j Given 5 Angle E 2 Wes E C. 


Here FC is middle Part, and E G and Ange EV 
Dis juncts; therefore ; ; 


As S. g to Rad. fo 8 Fe to 8. £6. =P 


H: 


* \ 
* * 
1 * 
* « 
. js * 4 * 


-h ect. af 


zace 


d Si 


E 21 


Spherical T ganomerry. 


CASE. XIII. Fig. 95. 
3 en the Leg to find an Angle... 


Given firs 7 re Required Angle H. 
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Here HI is middle Part, and IK and H are Con- 
jnds, hence th le Proportion 1 18: | 


T. I Kto Rad. ſo S.H to TC. H. 


CASE XIV. | 
Gioen the Legs to find the Hypotenuſe. 


Given 37s 


3 7 22 Required HX. 


Fig. 96. 


Here H K is middle Pare” Mu YH 1 and IX are Dis- 
juadts, therefore the Proportion is: wt, + 


| 6 ads toSC, HI, fo'S C. IK toSC. HK. 


CASE XV. Fig. or. 


Given the Angles to find a Log. 


— 45 Rehuired = 


Given 1 


Here the Angle & is midi Part, and H 1 and Angle 


Hare Dis jancts, therefore the Proportion i is : 
As S. Hto Rad. ſo 8 C. K to SC. HI. 

CA S E XVI. Fig.g8. 

Given the Angles 10 fir d the Hypotenuſe. 


: Fivey 2 


Angle H 
Ange 


K : Required HR. 


X 2 


Here 
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Here HK is middle Part, and the Angle H and 
| are Conjundts, therefore the Proportion is: 


As Rad. to T C. E. fo T C. K to S C HK. 


Theſe are the 16 Caſes of right-angled Triangles, y 
are all perform'd by the Fundamental Proportion cot 
monly call'd my Lord Nepairs mentioned Solution t 
fourth by the help of the Directions in Solution 2 
and 6; the other 12 Caſes are in oblique, and are pe 
form'd by Solution 7 and 8, and the Concluſions foll 
ing them. 

Note, When we refer to any Caſe, we mean ſome 
the 16 Caſes of right-angled Spherical Triangl 
beforegoing. | 0 7 | 


G5 


CASE I. Fig.gg. 


Two Sides and an Angle oppoſite to one of them being gin 
to find the 3 oppoſite to 1 other. 2 


Note, It is to be known whether the Angle require 
be Acute or Obtuſe; for if it be Acute, the Sine, Tangent 
&c. that the Operation produceth, is the Sine, Tangent 
Cc. of the Angle required; but il it is Obtuſe, the De 
gree found ſubtracted from 180 the Remainder is th 


grees of the Angle requiied. 
; : — - | 
Cine I 
Given The Side NM > Required the Angle I. 
The Angie 1155 
The Solution of this depends upon, ti. 
As S. L Vto S. A, ſo 8. NM to S. L. 
- CASE If. . 
Two Sides being given with an Angle oppoſite to one of then, 


to find the A les included between the given ax” 7 
. | | zes 
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Lis Es LN | | 
Given e Side N M > Required the Angle N. 
The Angle My . * 


let fall the Perpendicular V from & by Sol. 8. it 

within by Sol. 9. then in the right angled Triangle 
{PN there is given the Side MM, and the Angle 
{to find the Angle M YN P by Caſe 3. and then by Con- 
on 4 the Proportion for finding the Angle LN Pis : 


T. LN to S C. M. M, ſo T. MN to SC.LNP, 
d the Angle LV being found and added to the 
ple MN P, the Sum is the whole Angle LNM re- 


ured, . 


CASE III. Eg. 101. 


nen Two Sides and an Angle oppoſite to one of them, 10 
find the Third (5A EY 


C The Side LN 
Given < The Side N AA 6 Required the Side L M. 
The Angle M | | 


flere, as in Caſe 2, becauſe the ſame things are given, 
e Perpendicular muſt fall from the rg N upon the 
de LM, and having ler it fall to P by Sol. 8. you 
ave given in the right-angled Triangle M PN the 
ole Mang Side MN to find the baſe A by Caſe 1. 
lich being found, find the other Segment of the Baſe 
Concluſion the third, viz. 


ASC.NMto S C. PM, ſo 8 C. LN to SC. L. 


2 M P, added to LP, the whole is the Side LA 
JUred, 


R 3 CASE 


- 2 


Two Angles at 4 Side opp⁰e to one of them bein 


| the R Remain eris the Angle required, 


| 
{ 
| 
| 
| 
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CASE iv. rb. 105. 


Arden, to find the Side of pefite to the other. 


Wore, Here, 4s in Cafe J, it is 1 to be know Gi 
whether the vide require be more or lefs than a Qu 
drant; for if it is less the Sine or Tang zent found an 
fwers the 3 but if it is more than a uadtant, fubſ 75 


0 the Degree and Minute found from 180 Degree 


75 The Angle N 0 
Given < The Ag HM > Rogan the Side LM, 
C The Side LN = 


The Proportion i in this Caſe * from Sol, 7. ĩs: 
As 8. M to S. L. N, ſo S.NtoS. LM, 


CASE. V. Fzg. 103. 


T 190 funders and a Side oppoſite to one of thew being gi 
ven, to find the Side Include nn ſr g given ndl 


© The Angle Z > 225 G1 
The Anh N > 193 the Side LM, 
C The Side ENS : 


Hite By: Sol. S the Peipenticalar is to = From t 

Angle NV upon the Side EA, and then in the Triangl 
LPN there is given the Angle L, and the Side Nt 
find the Baſe LP by Caſe 1. of right-angled Spheria 
Triatigles, which Being found the other Me P 
is found by Concluſion 2 thus * | 


Given < 


As T. M to S. Lp, foT. To SMP. 


The Segment 24 P added to LP makes woke whole Sid 
HM required, 5 ©; 
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CASE VI. Fig. tog: 


en t Angles and @ Side oppoſite to one of tem, to find 
* the third Angle. a | 


- i 
h A. 3 


* 
* 


The Angle L) 
Given < The Angle M > Required the Angle NM. 
The Side LN 5 N 7 


The Perpendicular falls from the Angle N by Sol. 8. 
jen in the right-angled Triangle LPN there is given 
he Angle L and Side LP to find the Angle LNP by 
(zfſe 3, and then the other Angle MN P by Conclu- 
ifion the firſt thus: | 


ASC. L to S. L Nh ſo S C. M to S. MNP. 


Then the Angle AN added to LN is the whole 
ole LN M required. | 


| CASE VII. Fzg. 105. 
Jun Sides and an Angle included being given, ic find either 
of the other Angles. | 
The Side I 
Given <The Side YT Zz Requized the Angle Z. 
The Angle ATZ | 
Here by Sol. 8. the Perpendicular muſt fall either 


n tm X or Z, and by Sol. 9. it falls without either upon 
nol": Side I continued or upon ZH continued, but where 
Nu 


te Caſe is ſo ambiguous by Sol. 8. obſerve. | 
Let the Seni fall from the end of a given Side, 
nd oppoſite 10 4 given — and likewiſe oppoſite to the 
Ingle required if an Angle be required, or next to a Side 
ured if @ Side be required. 5 
By this Rule the Perpendicular muſt fall from the 
ingle X upon the Baſe Z continued to V and then 
n the right-angled Triangle TVA, there is given the 
ide PX, and the Angle A7 1 (being the Complement 


5 R 4 "=o 
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of the given Angle X to 180 Degrees) to find th 
Leg WT by Caſe 1. of right-angled 4 7g Triangle 
and adding WY to TZ the Sum is WZ, then by Cn | 
cluſion the ſecond : N e 


As S. MZ to T. TH ſo S. WYto T. X 2 w. 
CASE VII. Fg. 106. 


Two Sides and an Angle Included being given, to find i 
we oh third Side. 3p 


555 Side XT 


10 
Given 


The Side 12 Required the Side XZ, 
The Angle XYZ PD 


In this Caſe the Perpendicular falls from the Angle 
by Sol. 8. and falls without upon the Side Z T conti 
tinued to Wby Sol. o. for the ſame Reaſons as in Caſe: 
or it might be let fall from the Angle Z upon the Sid 
XW continued, but we ſhall chuſe the former, vis. 
let it fall from the Angle & to the Side Z I continued tr 
W, chen as in Caſe 7. of oblique Spherical Triangles ya 
have given the Angle WY X, and the Hypotenuſe 7] 
to find WY by Caſe 1. of right-angled Spherical Trin 
gles, then adding WT to the given Side T2, gives th 
whole Baſe WY, then find the required Side 72 
Concluſion 3: SE] | 


As SC. WT to $SC.XT, foSC.WZ to SC. 4A 
CASE IX. Fig. 107. 


Two Angles and 4 Side Included being given, to find either 
TTT 


Irſt 
A 


| C The Angle BY 0 
Given < The Angle G > Required the Side GN. 

. CIMAGETLA a © 

In this Caſe the Perpendicular falls from the Ang oh 

© upon the Side B N by Sol. 8. and falls within by Sn 


9, au 01 


a I 
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nd the directions in Caſe 7, and then in the Trian- 
5G P, there is given the Side B G, and the Angle B 
bind the Angle B GP by Caſe 3, which Angle being 
und, ſubtra& it from the whole Angle B GY, the re- 
uinder is the vertical Angle PGN, then by Con- 
uon the fourth: OY 


u sc. 5G N to T. BG, ſo SC. BGPto T. G, 
hich is the Side required. 


CASE X. Hr. ic8. 


Iwo Angles and 4 Side Comprehended being given 10 find 
| the other Angle, | 
* 1568 1 d the An 
Civen e Angle equired the le N. 
C The Side BG n 


Here by Sol. 8. and the Reaſons given in oo 9. the 
erpendicular falls from the Angle G upon the Side BN, 
en in the Triangles BG there is given the Angle B 
nd the Side BG to find the vertical Angle BG by Caſe 3, 
rhich being found and ſubtracted from the whole ver- 


2d t 


2 2 GN there remains the vertical Angle PG N, 
7 . 1 _ the required Angle PNG by Concluſion the 
un tnus; 


As S. B G to SC. GBP ſo S. P GN to SC. PNG, 


CASE XI. Fg. 10g. 


5 Three Sides given to find an Angle. 


| The a BG) 
Civ en < The Side GN > Required the Angle GBN. 
V. The Side SN „ 


This Caſe may be perform'd by various Methods 
Anger by Concluſion 6, but being the required Angle is one 
y 80 of the Angles at the Baſe, it may be more commodiouſly 
, u ene by Concluſion 6, that is, As Tangent of half = 
g 7 _ - 75 e 
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baſe B N to Tangent of half the Sum of the Sides z 
and GN, fo Tangent of half the Difference of the (zi 
Sides to Tangent of half the Difference of the Segment 
of the Baſe. | | nh Ro 
Then in the Triangle BG there is given the E 
potenuſe BG, and Leg BP, to find the Angle requirg 
by Caſe 4. of right-angled Spherical LES 1-4 bes,” | 
As Rad. to T. BP, 1 TC. BG to SC. PB G the Anz 
required. | C g | 
Note, When the greateſt Angle is required it is bett 
to work it by Concluſion the ſixth. 


CASE XI. Eg. 110. 
Civen Three Angles 10 find @ Side. 


Take the Complement of the greateſt Angle to 1 
1 and then the Ang les will be turned into Side, 
and are to be Calculated in all reſpects as in Caſe the 
Eleventh, which we ſhall not need to repeat here, bu 
ſhall be mote large when we eome to the Application u 


SECT, 
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SE os IV. 


b Demonſtration of the firſt Five of the Conclufons 
which oblique Spherical Triangles are ſolved by the . 


f. Perpendicular, 

Bſerve in all Spherical Triangles which require 2 
J Perpendicalar to be let fall according to Sol 8. the 
perpendicular divides the oblique Triangle in two right 
led ones, and is common to both, if both the 
\noles at the Baſe be acute; for then ir falls within by 
fol g. or if it falls without, the Rules are evidently the 
ume if we look upon the oblique Triangle to be folded 


16 Wo the Perpendicular, and the leſſer unfolded out of 
des, he greater, the ſame Perpendicular is common to both, 
the nd the Demonſtration js the ſame. 
bu The Demonſtration is deduced from the Fundamental 


Proportion Sol 4. provided we make Radius, and the 
Perpendicular which is common to both Triangles, the 
mo firſt Terms in both Proportions ; for they being 
deſtroy d, the two laſt Terms in both bear the ſame Pros 
portion to each other, as the firſt and laſt in each did, as 
tor Example. 


Concluſion I. The Coſi nes of the Angles at the Baſe 
are "ht Proportionable to the Sines of the vertical 
Angles. | 

n the Triangle L NA let fall the Perpendicuhar N 
by Sol 8. and the oblique Triangle LN M 
vill be divided into two right-angled ones, Fig. 104. 
LNP and MNP; then becauſe the Propor- 
tion between the Angles at the Baſe and the vertical 
Angles is the thing fought, and the Perpendicular N P 
and Radius muſt be rhe two firſt Terms; therefore in the 
Triangle LN P, the Angles Land N, and the Side V, 
are concerned as Data and Queſita in the Triangle, and 
by the ſame Rule in the Triangle MNP the Angles M 
and M and Side NP are to be made uſe of, then by 
Caſe 8, of right-angled Spherical Triangles, "7 


T 
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CLNP: As Rad. to SC. V fo S. L NES 
In the 88 
Triangle Oy 0-06. te S C. N, ſo S. MNp, 


Deſtroy the two firſt Terms in each, it will be: 
As S. LN to S C. L, ſo S. MN to 8 C. M. 


That is, as Sine of one vertical Angle to SC, 0 
its Angle at the Baſe, ſo Sine of the other verticle Angle 
to SC, of its Angle at the Baſe. Which was 10 |; 
proved, 


Concluſion II. The Sine of the Baſes are reciprs 
cally Proportional to the Tangents of the Angles at the 


Baſe, 

In the Triangle LNM, let fall the Pepe 
Fig. 104. dicular NP by Sol 8, and then by the Dire. 
ons above, the Baſes and the Angles at the 
Baſe are the Parts concern'd in the Queſtion, to make 
3 Radius and the common Perpendicular) the fou 
erms in the Queſtion, and then by Caſe the tenth, 

of right angled ſpherical Triangles it is: - 


In the) NP: As Radius to T. NF, fo TCL. to Sl. 


Triangle” 3 | As Radius to T. NP, ſo TC, Ad. to, 


Deſtroy the two firſt Terms in each (being both the 
ge) it will be: 


2 TC. L tos. LP, fo TC. M to S. MP. 


4!rernately, as IC. L to IC. M, ſo S. LP. to S. ME, 
r as IC. of any Arch to TC. of any other Arch, ſo J. 
©" the latter to T. of the former (Supplement to Barrows 
Euchd pag. 329.) therefore 


E 4 
RET. 


il 
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P. u AsT.M to S. LP, ſo T. L to S. MP. N 


p. M Concluſion III. The Cofines of the Segments of the 
fe are directly Proportional to the Coſines of the 
potenuſes. 

In the Triangle LNM let fall the Perpen- 
icular NP to divide into two right-angled Fig. 104. 
nes LN and AAN by Sol. 8. then as the Baſes Fo 
ud Hy potenuſes are the Parts concern'd with Radius 

C ond the common Perpendicular NP, it will be by Caſe 

unge de fourteenth : 

10 be | : | | | 
In the LN: As Rad. toSC.NP, ſo SC. L to SC. LN. 
[riangle 3 MN P:As Rad. to SC. NF, ſoSC.MP to SC.MN. 


t the Deſtroy the two firſt Terms in each, it is : 
per. 4 C. LP to SC. LN, ſo SC. p to SC. MN. 


recti. | | 
tie Concluſion IV. The Tangents of the Sides are recipro- 
nake , Proportional to the Coſines of the vertical 
four Angles. | | T 


[er fall the Perpendicular NP as before, 

| then in the Triangle LNP the Side LN Fig. 10g. 
nd Angle N, and in the Triangle MPN, the 

ide JAN and the Angle Nare the Parts concern d with 
adius and the common Perpendicular NP, and by 
iſe the fourth it is. | | 


lu thec LNP: As Rad. to T.NP fo TC. LNto SC. N. 
| tangle} MN: As Rad. to T.. ſo IC. AN to SC. N. 


' I Deſtroy the two firſt Terms in each, it is: 


As TC. LNto SC. LNP, ſo TC. MN to SC. MNP, 
r by mutually changing Tang, Comp. for Tangent, 
I. MN to SC.LNP, ſo I. LN to SC, ANF. 


"Concluſion V. The Tangents of the Baſes are directly 
&s If portional to the Tangents of the vertical Angles. 
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In the oblique Triangle LNM divided into 

two right angled ones by the Perpendicular Htg. i. 
NP, as before, the Parts concern'd are the Baſes 

and vertical Angle, vis. in the Triangle LPN, the Ay 
ENP, and Sides LP and N, and in the Triangle M 
the Angle MAN and Sides PM and PN, but becauſe] 
is middle Part, it eannot come in with Radius, to pe 
ſeſs the firſt and ſecond Places in the Proportion, wig 
out Tranſpoſition or Alteration, which may be th 
done. Firſt by Caſe the tenth. | 


In the g LPN: As Rad. to T.LP, fo IC. Lp to 
Triangle 2 MAN: As Rad. to T.PM, fo IC. ANV to s. 
Therefore (by Supplement to Barræw Euelid P- 529.) 


In the ( LPN : As IC. LP to Rad. ſo TC.LNP to S. M 
Triangle 3 MPN: As IC. FAA to Rad. ſo IC. ANPto SN 


By Permutation, Euclid lib. 5. def. 12. 
* . N, As TC.LPto TC. LNF, ſo Rad. tos 
qi theY py: As TC. PM to TC, MNP, ſo NA 

riangle O 5. NP. 8 e ph 
Deſtroy the two laſt Terms being both the ſame 
each, and the remaining Proportion will be: 
AS TC. EP to T C. LV foT C. PMtoTC, MY 


Bat as the TangentComplemene of any Arch is to 
Jang Complement of any Seher Arch, ſo the T; 
gent of the latter Arch to the Tangent of the forme! 


(becauſe every Tangent multiplied -by its Comple nen 


4 


produceth the Square of Radius) therefore it is: 

N, foT.LNProT, LI 

; 5 Grayh. 2 on 2 r 
And for the ſame Reaſon: 

As TC. Po T C. A F, ſo T. HN to T. 7 
ier a eee e T ©2 IBH C141 

By . Ther 
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Therefore 3 in an inverſe Proportion : 
A T. LVPto T. TP, fo J. MNPST.MEP... 


That, in as. the re Yeu ent of one Segment of the Baſe 
te T 25 ent of 17 Angle, ſo the Tangent of 
he other © Wis Baſe to the Tangent of the 
Vertical A Ange,” ich war to be demonſtrated, 

Theſe 115 fions are e in fr Caſes of obs 
que ſpherical Triangles, and t it more proper 
Bemonſtrate theme here, than to interrupt the Leazner 
ith a Demonſtration in the Practice of the 28 Caſes of 
rherical Triangles. 5 


Of Qua drantsl Triangles, 


As n ht angled Triangles are ſo called, becauſe th 
aye 66 Ane that b Quadrant 955 90 De hey 
Jo the THEN ik? ones take that Name from their ha- 
one Side a Quadrant or 90 Degrees, as in the Tri- 
o. 4e, the Side A being a Quadrant or 
o Degrees, or in Aſtronomical Terms (which Fig. 65. 
e ſhall explain hereafter) the Side A © is the 
uns Longitude, the Side © is the Complement of the 
uns Declination, and the Side AP is a Quadrant os 
te Poles Diſtance from the Equinoctial, Cc. 
Theſe Quadrantal 1 ſolved by the ſame 
niverſal Proportion, as t Angled ones are, if we 
ile the Sides af he ente drantals as we do the Angles ot 
eright Angled, 22. as in right Angled Triangles, the 
izt Angle iz Kceßted, aud th ether tho Angles and 
e three Sides he | cated the five : cirentar Parts; ſo in 
= 2 the Quadrantal fide- 16 2xeepred, and the 
ier ene Sides add the three Yhaifles make the five 
ircular Parts; but Aff thePatte, whetfier Sides or Angles 
except the Quadrantal Sicke xare called Conjuncts, Diſ- 
dds, and Middle Part, as fight Angled Triangles are, 
nd with the ſame Limitation, dir. that the two Angles 
ert the Quadrantal Side, are called by their Comple- 
Mets, viz. if they are Conjuncts they are called r= 
4\ Am- 


7 


256 Spherical Trigonometry. Ch.; 
Complements, and Sines if they are Disjuncts; and i 
Middle Part they are Sine Complements, and in all oth, 
Caſes they are Perform'd as in Solution 4, with the Cay 
tion in Solution 5 and 6, as one Example will ſuffii 
ently explain. LD 15 | 
1 Suppoſe in the Triangle AP there i 
Fig. 65. given its Sides A & and © P, to find the An 
gleat ©, here 4e and S are Conjundds, an 
the Angle e is Middle Part, and becauſe the Parts gi 
ven rege rel are remote from the Quadrantal Side 
they are called by their Complements, and hence the 
Proportion is: % Oo: | 
As Rad. to TC. A e, ſo TC. e P to SC. A&P, 


It will be needleſs to repeat any more Examples, i 
being ſcarce poſſible, after theſe Directions, for any tha 
underſtand right angled ſpherical Triangles, to miſtake 
in ſolving the Quadrantal ones. 5 


DIFFERENCE 


OF 


Latitude & Departure, 


1 
Minutes and Tenth Parts, 


to every Degree and Quarter-Point of the | | 


Compaſs, for the exact Working of a 


And readily finding the | 


Ir ABLE 


* &* e 


[LONGITUDE | 


By Inſpection, according to 


Middle Latitude. 


np nun 


OY 


© we * — —— COIL ak 8 W 


A 


Table of Difference 


x Dep LatDep 


22:4 | 19.900.5 19,909. 


8 23.001. 123.0 01.2 22.9 01.8 | 22:9c2.0 


01.0 + 28.001. 4 28.0 01. 5 27.902. 279020 


x Deg \ 2 Deg. | 4 Point 3 Deg. 


4 Deg. 5 Deg. V 
— eee ee — 
Lit Dep 2 Lat Dep Tat Dep! 
Sw CI.0,09.9 ol. .! 01.9 08.1 1 
o. ooo. 1 O2. . o. . 02.0 00,2, 2 
oz. ooo. i 03. loo. 2 00.2 03.0 O0. 3 » 
04.0'00.3 OA. ooo. 2 og. oo. 4 
95.9004 (95:9/00.3 £5.900.4 
06. ooo. 2 96.0,00.3 06. o oo. 
07.0 00.3 7.0 00.4 o/. o o 
08.000.4 O5. 0.4 08.900.7, | 
og. o 00.4 | 99.0 C0. 5 o9. ooo. 3 


11.0 oo. 3 11.0 00.6 den 11.001.0 11 
12.0 00.6 12. 0 02.6 12. 0 00.8 17.0 01.0 12 
13-0 00.6 13-0 oc. 7 13. 000.9 1, 01.1 1 
14-0 09.7 Pn 14. 001.0 13.9 01.2 
17.0 00.) I O. 1.0 14.901; 1 
19.0.8 16.0 00. 3 16.0%. 1 15.901.416 
17 o 00.8 17 Oo. 9 ; 17.0 91.2 16.901. 1 
18.0 oo. 18.009 17.901.3 17901. jy 
19. 000.9 19.0 01.0 18.91. 3 18-9017, % 
20.0 01.0 20.0 1.019.901. 4. 19.901. 


— — 


21.001.021. 0 01. 1 20. 901.5 20.901.807 
22.001. 1 22.0 01.1 21.901. 5 21.901. 9 


' 


24.001.224. 0 01. 3 23-9 01.7 | 23-9021 1 
20 2421.7 14202 
26.001.326. 0 ol. 4 25.9018 25-902 3 

| 27.001.3 27.0 0164! 26.9 01.9 | 26.9 02.4 


| 29-0 01.4] 299015! 48.9 02.0 28.902“ 
39-9 01-5 2 29.9 02.1 
31001. 5 31.0 01.6 30-9 02.2 
31.901-6] 31.9 1.7 31.9 02.2 
32.9 01+6] 32.501 7 { 32-9 02.3 
| 33-991.7] 33.901.8, 33.9 02.4 


2 e 34.9 01:81 34:9 2.4 | 34: 


39.5 92:0, 39.992-I 139.952 8 
41.0'01:4 | 


42-0;01.5 
43.001. 5 


z 
35.901. 8 35.901.935. 902 5 
36 901.8 36.901. 9 36.9 02.6 | 
37.9 01-9. 37-9 02-0 37 902.7 
38.9 01-9 38.9 02. o 38.902. 


40.9 02.0 40.9 02.1 
41-902-I 41.9 02.2 41 9 02,9 
42.902 1 42.9 02.2 4 2.903. o 
43-9 02.2 43.9 02.3 [43.9 03.1 
44. 02.2 44.9 02-4 | 44:9 O. 


646.9 02.3. 4649 02.5 | 46.903.3 


$8 Beg. 74 Point 87 Deg. eg. 


45-9 02.2 45.9024 45.9 03-2 


47+9 92*3 4749 02.5 1 47-9034 
48-9 02-4 48.9 02.6 { 48.9 03.4 
D 
Dep Lat DepLat Dep Lat Al 


of Latitude and Depaiture. 
2 Deg. 4 Point. 3 Deg. | 4 Deg, 5 Dag. 


Lat Lat Dep Lai Depſ Lai De, 
61.00.95. 50.9 0247 | 50.9[03.6 | 50.8 04.4 


51.9 02.7 51.903.651. 804.5 
52-9 02.8 | 52.903.752. 804.6 


1363-9ſ00.9 | 53: 
53-992.8 | 53.9]03-8 | 53.SÞ4-7| 


Fþ5:2191-9 | 55-0 54:9 92:9 | 54:5193-8 Spes 
56. 55.902.955. 93.9 
57. 56.9 93-0] 57. 904. o 


58.002. 0 5.92.8 57.9 03 0 | 57.$f04-1 
59. ↄſoz. 158. 902.9 | 58.9 03. 158.8 4.1 
— 9 22er: 
61.0j02.1 | 60. o ;. o 60.9 032 | Go. & log. a 
62.0002. 261. 61.9 03. 361.804. 3 
0 62.903. 362. 804.4 

163.9 03.463.804. 5 
-< 55.0102. 364.93. 2 64-9 03-4 | 64 8045 
$466.0]1.1 } 66.0 65. 903.5 | 65.8[04.6 
60%. 01. 2 67.0 66˙9 0 3.566. 8 log. 7 
6,58. ol. 2 67.9 67.9 03-6 | 67.8048 
659.001. 2 68.9 68.9 03-6 68. 8 Joa · 8 
ebf 69.2 Pr. 2.987 [Sl [69:7 
171. 0%. 2 70. 9 70. 903.2 | 70.$]o5.0 
1472-0j01.3 71.9 | 51 71.9038 [71.8fo5.0 
1413-0P1+3 | 72.902. 72+903.8 72.805. 1 
opt. 373. 92.6 903.973.903.973 8105.2 
p.“ 249.2] 24.285.924. f. [7 
7676. 001. 3 75. 902.7 
17-0P1.3 | 76.902. 

8.3 | 7591047 
19/3-0P1-4 | 78.9 


bp2 9ÞPt-4 | 79.9.8 [79-9193 
IÞ1-9Þ1-4 | 80.9 02.8 
52.01.40 g1.9 
$-3-0Þ1 -4 82.902. 

9 . 


4-1-5 | g3, 
pg 84 


$1]/-0P 1-5 i 

88.0051. 5 87. 1 

55.01. 88.9% 

51.6 89.903. 

1p1-911-5] 90.903. 2 
9 


72.0 1.6 * 
- 93.0 91.8 91.8 93 


9414+0]21.6 


N Ps 94.9193:3 | 94: 
v 91.7 95. 03-4 
1 P] 6.93.4 
01.7 97.903. 4 
9% pl. 798.93. 5 


2 24 55.9.5. 99 817.0 
Lat] DepLat | DepLat ws ch 
88 Deg. 73Point}$7 Deg. 


TE BS 


A Table of Difference. 


o 
o 


23 


: N 
z 
: 


— 


wv 


Vvvovoe 
ne 


i» VEE A 4 


wk 
0 


2 
+» 8 


<2 | 
09.9019 
10.9 017 
11.9 91.2 
12.9 . 3 
˖ 3.901. 
t4.5,01-5 
15.9 01.6: 
16,9 017 
17-9 01.8 
i8.90T 9 
19.9 oa. o 
20.5 02. I 


21.9102. 2 
2. 


3 - 


Dep 
co. 1 
00.2 
00. 3 
00.4 
00.5 
00.6 
00.7 
06.8 
00.9 
ot. o 


91. 0 
02. 0 
03-0 
04.0 
©$-O 


06.0 


o. o 
oB. o 


og. 
og. 


11 0 1 


11.901. 2 
12.940 f. 3 
13.01. 4 
1 J 5 
15. 9101.7 
16.9401. 8 
1701.9 
18.9. 0. 
19.9 02.1 
20.9 02.2 
21.902. 3 
2249 02,4 
23-9 22.5 


24-9,92.6 | 
* 125.9 02.2 


26.9 02.8 


H 
2 80 „0. 


T5 Dep. j 7 Dep. |. 
Lat 


La 
ol. o 
O2. o 
93.0 
04. o 
O5. O 
06,0 


06.9 
07.9 
08.9 
09-9 
19.9 
11.9 
12.5 
13.9 
IF 
15.9 
| 16.9 


9129 803.1 
i — — 


30 803.230. 803. 8 

31.8 8.3 31.803. 9 

32.8 03.4 22.204. 

333.8 3.533.741 
288837 2764 

a 35.8 03.835 70 

36 36.803. 9 2871. 
37-$[03.7 | 37 804.0 32.704. 8 
38.803. 8 38.8 04.13 A8 
39.803. 9 39-8 04.239.704. 9 
9 — — 

o. 8 [o. o 40-8 04.3 40.795. 0 
41.804. 141.8 04.4 | 41. 75. 1 
42.8.2 42-3 04.542.705. 2 
$3-3104+3 | 43-7 04.643705. 4 
enn | 44.7 947 | 44-7[05-5 
5.8ſ04-5 [45:7 04-8 45s 
. 46.7 04.9 44577 
47-7 05-0 47 Co. 9 
45.8104:3 | 4857 95-1 | 43:6) &.5 
49-$104-9 Wo 49.5)oE. 1 
Dp. Lat Bp. Lat 

4 83 Deg. 


5.3 
3 0 650 $ 4 


* 1 oy iv. Seed” 
TPoint+ 


Dp. 


f 74 Point 


26.7 04.2 


27.6 03.4 } 


Of Lativude and 


Departure: 


68.507. 2 
69. 
70.607 · 4 
171.507. 5 


88. 2 
9089.5 08.3 
80 
92901.6 09.0 
03 2:5 09.1 
5403.5 09.2 | >. 
N 50% 3 | 94. 


6 Deg | 7 Deg. 


2212 


172.607. 


3 Point, 9 Deg. 


71. 310 o 
72.3102 
73.310,.3 
09-1 24.324 


72.2 
76.2 
ir 


1.1 
1.3 


78, 1111.6 


81.1 


a — — | — — 
[+3 þ99-1112,71 56 
91.12.81 


79, 11447, 
0 e 


73.1 


2702 


75.1) 


4 


| 


= i — — — pO A 
uy Oe , SG 
— 
- 


| 


6 
io Deg. ri Deg. 1 "oint 


| 25 14:$,92-6 


— — i 
4 3635.406,2 35.3 06.9 


| 


| 46 


— 


3 „ 


SLatDep|Lat Deg LarDep 


101. 0 00. 2 01. o 00.2. 
202 000.3 O. OO. 4 
403.9 00.7 0349 00.8 + 


j__5 94-9 28-9 | 24:9 00.9 . 
605.901. 0 


05.9 51-1 
06.901. 3 


706.9 01.2 
02.8 01.5 


807.901. 4 
908.9 01.6 
1009.8 01.7 
11 10.8 01.9 
12 11.8 02.1 
13 12.8 02.3 
14 13.8 02.4 | 13-7 02.7 | 
14-7 0249 : 
16 15.7,02.8 15-7 03.0, 
17 16.7 0.9 | 16.7 03.2 
1817.7 93.1 17.7 03.4 
19 18.7 93.3 18.6 03.6 
20 19.7.93.5 | 19.6,03.8 


23 22.6 04.0 22.6 04.4 


28 27.6 04.9 27.5 05.3 
2928.6 05.4 28.5 C5. 5 


3139.5 05. 4 30.4 05.9 
32 31.505. 31.4 06.1 
33 32. 05.7 32.4 96.3 
3433+5'05.9 33.4 06.5 
3334.01 I 34.4 067 


2 36.4 06.4 36.3 07:1 
3® 37-406.6 37.3 07.2 
33 05.8 38.3 07.4 
2394 06.9 39.3 07.6 
4140. 40%. 1 40.2 07.8 
4 41 407. 3 41.2 08. o 
43 42.3 07.5 42.2 08.2 
44 43.3 07.7 43.2 08.4 
453 4443 07.8 44.2 08.5 


45-307.0 47 * 05.8 
308.2 46.109. 0 
— 47.3 08.3 47.1 09.2 
50 49-3 08. 7 48.1 09.3 
49.3 88.7 49.109 5 


D Dep Lat Deg Lat 


; 
- {14 { 19.6 03:9 
21 20. 703.6 20. 6 04.0 20.6 04.1 
2221.7 03.8 21.6 04.2 21.6 4.3 


24 23.6 24.2 23.6 04.6} 
2524-5 04.3 24.5 4.8 24.5 94-9 
26 25.6 04.5 | 25.5 05.0 | 25.5 95.1 1 
27 26.604.7 | 26.5 05.1 26. 5 05. | 


01.0002 
02.0 00-4 
02.900. 
03. 9 00 8 
92.991 
05.9 ol. 2 
06.9 ol.4 
O7. 


14.7 . 
15.7 03.1 
16. 7 033 
17.7 035 
18.9 03.7 


22.6 04.5 
23.5 04.7 


8 c8.8 01.9 


A Table Difference. 


12 Deg. 
Tat Pep 
ol. ooo. 2 
02 · ooo. 4 
02. 9 00. 6 
03. 9 00. 8 
04-9 0l. o 
05. 901.2 
06.8 01.5 
07.8 01.7 


09.8 02.1 


12 Deg. 


— — ———— 


— — — 


01.9 00.4 4 


| 14 De 
Lat Dep; Lat Dep 


O1 -Q 00.2. 01 0 00.2 


barg 


— 


10.3 02. 3 


12.7, 02.7 
13.7,02.9 
14+7,23.1 
15.6:03.3 
16.6 03.5 
17.6 03.7 
18.6 03.9 
19.6 04. 2 
20.5 04.4 
21.5 04.5 
22.5 04. 8 
23.5 05.9 


27.5 5.5 
28. S 05.7 


30.4 | 
| 31.4 06-2} 
32.4 06.4 
2 
INJ — 
35.3 07. 
36.3 07-2 
37-3 07.4 
38.2 07-6 
39.2 07.8 

2.2 08.0 
41.2 08.2 
42.2 08.4 
43 4 08.6 
44.1 08.8 
45. 1 09. o 
| 45.1 09.2 
47. 109.4 
48. 109.6 
49.0 09.8 
Dep Lit 


3929-5 05-2 29-4 05.7 | 29.5 05-8 | 29.3 062 


©6.0 | 


41.1 08.7 


25.4 95-4 
25.405.6 
g 22 
28.4 06. o 


30.3 
31.306. 6 
32. 306.9 
33.2 07.1 
342/973 
35. 2 07.5 
36.2 07.7 


39.1 


40. 1 08.5 


42.1 08.1 
43.0 09. 9 
44.0 09.4 
45.09.6 
46:0 09.8 
47.0 10. o 


24.4 05.2 


37-2079 | 37 
Eo 4 5 
O8. 3 


f 1 3.6 03.1 a 
14.603. 
15.603. 6 
f 16.6 03.8 
17.5 04.0 
18.5 04.2 
259 45 
20. 5 04.7 
21.4 04.9 
22. 405.2 
| 23.4 05-4 
263056 
| 25.3 05.8 
; 26.3 06.1 
25.3 06 F 
28.2 06.5 
29-2 06.7 


06.4 30.2 07. 


31. 207.2 
32.107. 4 
| 33.1 07. 6 
' 35.1 08.1 
36.0 08.3 


39-0 09.0 


39.9 09-2 
40. 9 09.4 
41.9 09.7 
42.9 07.9 
42.8 10.1 


— — — 


45.8 


46.) 10.8 


47. 9110.2 


7 Point 78 Deg, | 77 Deg. 76 Dez. 


10.7 o. 
11.7 02.5 11.702.) 11.6020 
12.7 02.9 ; 


34. Io. 9 


008.5 


44. 11043 44.6 
10 6 4 


47. he! 


10.7 02,7 
12.6 03.1 
13.6 03.4 
14105 
15.5 03.9 16 
16.5 04.1! 
17-5 044 1 
18,4 04.6 I 
19.4043 . 


— — 


20.4 05.1 2 
21.305.3 1 
2.2.3 05-5 24 
2.3.305.3 

24.3 06.0 2 
25.2 06.3 1 
26.2 05.5 2 
27.2 06.8. 2 
28. 107.0 2y 
2270.1 
30. 107.5 3 
31.0 07]: 3 
32.008.0; 3 
33.0 08.2; 34 
34-0 08.5| 3 


38.8 09.7, 4 


39.3 09-9] 41 


0.7 10.2 4 


| P80 Beg. 75 Pez | 


— 


— 


& 10 Deg: 
ZLajDep 
LE 
5251.2 09. o 


60 
6160.1 10.5 
6261. Iſt o. 8 
6562.0 10.1 
64 7011.9 
65564 011.3 
66650 11.5 
6765.01 1.6 
6367.0 11.8 
eyes o 


b 
70 6.91 2.2 


12.0 


23:8 12.4 
64.8 
65.8 


69.7 


717¹.7 


7 5-6 
7. 6 
775 
28.03 


LY 


80 Deg. 79 Des. 


5 of Latitude and Departure: 


11 Deg. 


62.8 12.2 


12.6 
12.8 
13. 0 
13.2 
13.4 


13.1 
13-7 
13.9 
14.1 
14-3 


14.5 


65.7 
67.7 
68.7 


70.7 


72.6 
73.6 
74. 6 


51. o 
52.0 
53.0 


12.7 


85.317. o 
85.3 17.2 
$743 
88.3 
89.2 
90.2 17.9 
91.28.1 
92.2 18.3 
93.2 18.5 
94.2187 
IN 


7 Paints 78 Deg, 


1 Point! 12 Deg. 
Lat|Dep Laibe 
50. fo. 0 49. J 10.8 
10.1 57.8098 
10. 3 31.801 1.0 
los 52.8011. 2 
10.2 B. 811.4 
10.9 34.8 ʃ11.6 
11.1 55. 8 lt 1.8 
11.3 36.71 2.1 
11. 552.71 2.3 
—2 U. 
1 1.91 55.72.7 
912.1 60,6 12. 9 
12:3 61.6) 
12-5 | 62:6113.3 


63.5 
12.9 
1 Jo I 
13.3 | 56 
13.5 
— 
13.9 
14. o 
14.2 
14.4 
614.6 
14.8 
15.0 
15.2 
15.4 
15.8 
15.8 
15.0 
15.2 
16.4 
16.6 
16.8 


64.613. 
5.14.1 
57-$114-3 
63. 5114-5 
69.4114.3 
70.4 15.0 
71.15. 2 
72.4 15. 

73-4115.9 
74·3 15.8 
75.3 16.0 
76.3 16.2 
16.4 


77.3 
78-2116 
16.8 
17.0 
217.2 
17.5 
17.7 
17.9 
Rs 
I 3 
87.118. 


17.4 
17.5 


17.8 


18.9 


49.7 


51.6 
52.6 
$346 
$4+5 
555 
56.5 
575 
58.5 
- 9.4 

0.4 
13.105 


13.382 
64.3 1 
65511349 5 Ir 
15.5 


ANG 55 
Dep[L t 


13 De . 14 Deg 


La- 


50.7 


1 


1 I 5 
11.7 
11.9 
12.1 
12.4 
12. 6 
12.8 
13.0 
13.3 
13.7 
13.9 
14.2 
14.4 
14.6 


I 
16,0 
16.2 
16.4 
16.6 
1116.9 
7440171 
17.3 
17.5 


_ 18. 

31.818. 9 
82.8 19.1 
18˙3 
19. 

19.8 
200 
20.2 
20.5 
20. 7 
.6 20.9 
21.1 


83.8 
84•8 
85.7 
86.7 
87.7 
88.7 
89.6 


Dep 


4.8 
5.1 
$93 


Fe] 


7 


33-4208 
84.42 1.0 
85.4 21.3 
86.4 21.5 
22 
88.2 22,0 
89.3 22.2 
90.2 22.5 
91.2 22.7 
92.2 23.02. 


D 


La: 


73-7 18.4 "> 
74.7 18. 


78.59. 
79.1 9.8 
80.520. 1 
$1.5 20.3 
$2.5:20.6 


93-1 23.2 


8 94.1 23.5 


95-1 23.7 
96.123.9 
97-0242 
DepLat 


76 Deg 


Aa 4 


= 


85 


* 'A Table of Difference. 


| 5 14Poit r5 Deg. 


FP Lat Dep 


2 16 — 1 Tn 
LaiDep) Lade 


01.0 — | 51.0 

O1. 01. 

8 52 % {02.9 

03. 801. 1 | 038012 
o1.4 | | 04.8) o1.5 


01.6 05.8 I 7 
01.9 06.5 02.0 
not 07:7 02.2 
02.5 | | C8.6 — 
pond ; 6 02.9 


12. 3 # > 12.4 03.8 
13. 503.9 1 1 


211. 1 1 
13 12. 103.2 12.6 03.4 
14 13.503.413. 5 03.6 
35:14-5103.6 ; 14.5 03,9 


T6 15. 504.0 15.5 04.1 
17 . 16.4 04-4 
1812. 5%04.4 17.4 04.7 
1918.404.6 18.4 04.9 
2 2 | 19.3 05-2 
21 2044 OF.Z | 20, 05.4 4 
22/21.305.3 222570 55 105 21.0 05. 4 

2. 30˙ 22. 2 06. 0 22. 1 E 22.0 06. 2 
24.23.3005. 8 23.2 06.2 23. 1 06.6 23.0 06.3 
25 24.05. 0 24.1 5.4 24.0.5. 23. 23-9 073 

25.2106, 25.1 06.7 + 07.2 24.9 07.5 
27 26. 206.6 26.1 0740 pes, 07. 4 275 07.8 


ng "POP 4 112 1 
17. f 5.0 127 205.2 

5.2 18.2 of. 5 
12205. 2 8 8 


207 20.1 20.1 06. 1 


— — 
20.1 06.1 


17 i7 Deg. 18 Deg 


3 Dep 


OT. 80.3 
01. 90.6 


2 02.6 
09.0 02.9 


03. 
04.1 
04-4 


. 04-7 
16.3 05. o 
i 205.3 

205.5 
19-1 05.8 


21.0 06.4 
22.0 06.7 
22.9 07.0 
23.997:3 
24.07. 6 
25. 8 07.9 


2 27·2 06.8 27.0 07.2 [26.9 07-7, 2 8 08.1 
2928.10. 0 28.0 0). 27. 3 08.0 27.8 08.4 
07. 3 29.007.8 28,8,08.3 28.7 08.7 


3929.1 

07.5 29. 29.9 08.0 25.8.68.7 29.7 09.0 
07.9 30.9 6g. 3 30. 08.8 30.6 09.3 
03.0 31. 12 31.7 09. 1 31. 6 09.6 


33. 0%8.3 32.8 08.8 3705.5 32.3 09.9 
B. 908.5 33-8 0940 | 33.6096 33.5 19-2 
= 3.7 34.8 og. 34.6 09.9 34.4 10.4 

8.9 005 35.7 09.6 35.6 10.2 35,4 10-7 
9109.2 36.7 09.8 | 36.5 10.5 | 36.4 11-0: 


T 09.5 37-7 10.1 , 35.5 10.0 272113 


528 70.0 39.6 106 394 11.3 38.2171. 

2110.2 40.6 10.9 40.4 11.6 40.2 12.2 
.7,10.4 41.3 11.1 41.3 12.8 41.1 12.5 
44]92-7,10-7 42.5 11. 5 42.3 12.1 42.1 12.8 
- 7 43-5,11-6 43.2 12.4 43.1 113.1 


3 


4644.61 1.2 44.4 11.9 44.2 72.7 44013. 
4 5 115 45. 412.2 45. 2 12.9 45.0 13.6 
46.1 13.2) 45.5 13.9 
47.1 13.5 46.9 14.2 
48.3 12-9 48.1138 47.8 14.5 


Dex "=: Deg Lat DepLa Lat Lat Dep Lat 
— memes 


| 28.7 08.8 8 


26,8 08. 2 
27.7 08.5 


29.6 09.1 
30.6 09.3 
31.6 09.6 
32.5 09.9 
33.5 10.2 
— — 


39.2 12.0 
40. 2 12.3 
41.1 12.6 
42.1 12.9 
2 13.1 


24.0 13.4 


Worm 
; 90:9 00.3] | I 


03.2 10.503.411 
03. 2 11.403. 


1 a 13] 
13.3004. 


Q 


Ka, 


Lat rde D 


01.9 00.6] 2 


5.7 01.805 6 

7 O2. 7 
0. 602.5 
od. Co 2.8 


095 83.1 10 


3 14 
14:3.04:6 15 


I 5.204. 9 16 


16.2 05.2 7 


19.6063 2 — 
20.0 05.5 21 


Ws mm 


8.1 079 1 


Gor 
21.907.123 


22.8'07.4, 24 


20.9 06.8 


| 


47-< 475 513. 


23-8'97.7| 3 
24.7 08.0 26 
25.7 08.3 27 
26.6'08.6] 23 
27.6 09.0 29 
2845 log. * 
29.5 9.6 3 
30.41 O. 32 
31.4 10.2 33 
32.3 10.34 
33. 33-3 10.8 35 


34. 211.1 35 
35.2 11.4; 37 
36.1 11.7] 38 
37.1 12. 39 
39,0 12.4 4 


39.913. 


40.9 13.3 
— 813. 1 
42-8 13, 45 
* 46 
44.7 14. 47 
45.6 14.8] 48 
50 


DepL: Lat 8 


77 Deg 72 Deg): 8 


— 2 2 74 74 Deg: . 


1 5 


. 


of Latttude and Departure“ 


7673-7 
774.7 
78 


18.7 


76.61 9.2 
907.619. 


r5 Deg, 


Lat 
49.3 
50.2 
51.2 
52.2 
$3.1 


72:4/19-4 
19.7 


Dep 
13.2 
13.5 
13.7 
14. o 
14.2 


74.5 
148 
15.0 
15.3 
15-5 
15.8 
16.1 
16.3 


16.6 
16.8 


17.1 
17.4 
17.6 
I7.9 
18.1 
18.3 
18.6 
18.9 
19.1 


19.9 


3.20.2 
76.3 20.4 
77-3,29-7 
78.2 21.0 


79.2 21.2 


DeplLat Bepſtat D 
(Point 75 Peg. 74 eg. Teint 


80.2 21.5 
81.1 21.7 
92.122. 
$3.1;22..3 
$4.0'22.5 
85-0,22.8 
$6.0;23.0 
$6.9123-3 
$7.9,23.5 
88.9 23. 
89.8 (24.1 
90. 824.3 
91.8124.6 


92.724. 8 
93.7 25.1 
94.7254 
95.625. 6 
96.6. 25.9 


888.4 


53.8 
54-8 
55. 7 
56.7 
57-7 
52.6 
59.6 
60,5 
61.5 


62.5 


65.4 


63. 4078. 
64.4 


66.3 


68.2 
69.2 
70. 2 
71.1 
72.1 
73-0 
74.0 
75.0 
7549 
769 
T7+9 


j 


9. 
o. 8 


82.7 
84.6 
85.6 
2 
87˙5 
89.4 
90. 4 
91:3 
92.3 


67.3/19.3 


20.9 
2.1.2 
21.5 
21.8 
22.0 
22.3 


78.8 22. 6 


22. 9 
23.1 
23-4 
23.7 


83.6024. o 


24.2 


24.5 
24.8 


25.1 
25.3 
25.6 
25.9 
26.2 


26.4 


93.2 
94. 


26.7 


27.0 


95. 227.3 
Dep|Lat 


| 9993 


2 


48.8 14.8 
49.7/15.1 
50˙7 15.3 
51.713. 7 
52.616. 0 


53˙6 
54. 516.5 
55.5 16.8 
56.3/17.1 
2402-4 


58.4017. 7 


60.3 
q 61 *2 
62.2 


63.2 19.2 
64.1 19.4 
65.1 
66,0 20,0 
52.920. 
67.5 20. 6 
68. 9.20.9 
69.8|21.2 
70. 821.3 


72.722 1 
73.722. 
74-6 22. 
75.6 22.9 


77.5 23.3 
78.5,23.8 
9.4124. 
0. 424.4 
213242 
$2.3;25.0 
$3.3j25-2 
8$4-2.25.5 
85.2 25.8 


$7.11 26.4 
88.0,26.7 
89. 0. 
90. 0127.3 
8 8625 
91.922 ·9 
92. 8028.2 
93.8, 28.4 
94.7128. 7 
93.2.0 


Dep]Lt 


86.1126.1 | 86. 


Point. 17 Deg. 
Lat Beg L Dep 


73.6122. 5 


76.6 23.2 


66.5 


— — 


$5.6 


88.4 
89.4 
0:3 
91.3 
92.3 


75-1 24.4 
N 
77. O5. O 
78.025. 3 
78.925. 6 
79. 926.0 
5.86.3 
81:$126.6 
82.7 2549 
83.7 27.2 
84.67. 


86.5 R. 1 
87512344 


18 — 
8 


48. 15.8 
49.4 16.1 
50. 416.4 
51. 3115.7 
$2+3117.0 
$3-3[17.3 
$4+o2Z 17.6 
55 217.9 
56.1 18.2 
$7-1;18.5 


58.0 18.8 
FE 
69.97 58 
61.820.1 
63720. 
641.6 
65 85x 
021 3 
67.5 21.9 
68.5 22.2 
7284225 
2 
74.2 24.1 


7. 


28.7 
29.0 
29:3 


30.0 
0.3 


9J+2 
94.2 


Dep Lat 
73 Deg 72 Deg. 


30. 6 


24559 


29.7 
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= 


* 


— 


— CAA ,,,. — * 
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© 29 Þez. 3;roin 


7 09. 203 


— 


t 


7 


90 


2 Points 


10. 204.2 
11. 101.6 
12. 0.05.0 
12.9 05.4 
2055 
14.8 051 
15.7 ob. 
16.6 06.3 


De; [ca: ſc 


6 Pointe 


- MS 


7 


» , 


— 
— 


= = 2 = | =: 


=_ 5.7, EY. WT P OR 0. DO. © a. 4s 
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Of Latitude and Departure. 


11 


5148.2 16.6 
5 249.2 1 6.9 
17.3 
1117.6 
52.0/17+9 17.9 
> 18.2 
9118.6 
8118.9 
19.1 
12.5 
6157.7 19.9 
20.2 
.6[20.5 
20. 8 
21.2 


at — — 


4021.5 
2121.8 
| 22.1 
| 69.65.2125 | 
70 66,2122. 8 


23.1 
1123-4 
| 23.8 
| 74 ng pi 
[75 1091-4 
7671.9 
| 17 72.82 5.1 

13 73- 7125-4 | 
725.7 
X 26.0 
76.626. 4 
77.526. 7 
78.527. 0 
: 2743 
ed ace 27.7 


2470 


Dep Lat 


48.0 17.2 
49-9117-5 
499,179 
50. 818.2 
Fl. 8018.5 


52.7 18.9 


53.7 
6119.5 


54. 


62.1 
63.1 


66.8 
67.8 
68. 7 


55.5 
JEET 
$744 
58.4 
99.5 
O. 
61. : 


64.0; 
65. o 
8912 


Lat Dep 


19.2 


I 949 
20.2 
120.5 
20.9 
21.2 
21.6 
2149 
22.2 
22. 6 
22. 9 
23.2 


e Deg. 


21 Deg. 


92.4,35.5 
93.435. 8 


LatſDep 


47.3 
48.2 
49.1 
50.1 

51. O 


51.9 


277 


fg 
71.4 
723 
73.2 29.6 
74.2 30.0 


Bep Lat HeplLat 


—_ 


69.5 28.1 69. 3 28.7 
5 28.5 5 122 — 

9.1 

29.2 72. 129. 8 


22 2 Deg. 2 Points Q 


Dep Lat Per i 
194 


19.1 47*1| 19.5] 51 


48 0119.9 52 


73. o 130-2 
73 50 39.6 


6 


19.8 49*0[20.3] 53 
1120.2 49-9;20.7] 34 
20.6 50.9 
210 51.7 

$2.8]21.3 52.7 
$3.8]1.7 53.6 
$4-7122.1 '54+5122,6 59 
5.622. 5 544[23+ 
56.572.8 56.323. 
57.5 J 23.2 57 ·3 
. 58.2 
3124.0 59.1 
24.3 60.0 
24.7. 61.0 
25. 1 61.9 
oz 3.5 62.8 
25.8 63.7 


.. 


748. 31.0 : 


— 


— 


59 Deg. 


3 £7 


ble 0 


23.9110. 2 


c 31 8.5 12.1 
29.5 12.5 
ö 30.4 12.9 
13.2 
13-7 
1114-1 
322414 
3855 5.01485 
- 39 35-9 I5.2 


2 155 


2724.80.31 
25.8 10.9 ; 


9 27.6117 


29.23. 0 


31.113.8 


31.5J14.7 
33.8115. 
34-7}15-5 
35-6}1 5.9 
36.5}16. 3 
37-5416.47 
38.34 ).1 
39.3ʃ17.5 
40-2]! 7. 9 
41.7J13.3 


I>4 | 42-9119.1 


92.1 


— — 


313.68. 4 


30.134 


32.0[14-2 | 31:7 


11. 205.6 


114.5 


23 Jr. 1 


10. S lor. 1 
12.7 * 5.9 


6 
15.4 07.3 
16.3 07.7 
17.208. 1 


— — 
v7) 


20.8 9.8 
2611017 


244 11.5 
25311 2.0 


47.61 9.7 
42.520. 1 
43˙ 40.5 
44. 3120.7 
45.221. 4 


— —— 


DeplLat 


5 Point 


18268845 
58.9 19.0 09. 0 | 
19.99.44 


27-91 3.6 
28.8 14.0 


29.7 14.4 . 


39.614.9 


311131 


0 


Ai 


-<* — > 1 


| = > = | 
>» >. = 


», ra - 


8 ene I 


A, wr wh 
— 


5 


1 . er iK . 2 | 


a. 72.2 32.1 


63.0 28. I 


63.9128-5 6 
64.9.2895 


65.8 293 | 
66.7 ,29-7 | 


67.6 30.1 
7:0129-3 | 68.5 395 


69.4 39:9 | 68. 


70, 331.3 
71-2;31+71 


23.12 


7344 34•2 


4 74+<134+7 


75:2035-1 
76.1135.5 


1793529170: 


77.536. 3 
78.8135.8 
7971372 
80.7 37-6 
81.(J38. o 


— — 


$2.5 38.518 


83. 18.9 
$4-3139-3 
85.2] :9.7 
$6.1149-1 


0 87 C 49.6 


-4 | $7-9]41.0 


B8.%]41.4 
89.7141-$ 


74-1435 +1 | 
7 $*0p35+5 
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E Deg. ] 2xtoiny 29 Deg. 30 Deg 24 Point 31 Deg. d 
P|Lat Dep] LatDep| Lat Nen LayDepſ Lat Dal ESE 
PO g. 5 Oo. 5 %o. 5 00.0. 500. 90.5 | 00.;ÞÞ0.5 | 1 
1.8 9 01.8 30.9 O1. 740 1. O 01.7 Ol. o 01.7 01. o 2 
2.61.4 | 02:5Þ1.4 oz. 6.5 | 92-6[0:.5 | 92 e 01.5; 
3.51. 903.51. 9 03-5Þ2+2 [93-4P2-1 [oz. 42.104 
514: 4jP2+3 | 24:4ÞP2-4 04. 3Þ2+5 [24:3] 2-6 0g. 202.60; 
.$] 05:3þ2.$ 05. 203. o o,. Iſoʒ. 1 oy. oz 6 
06.2 93. 06.1 3.5 06. o 33.6 6 N 7 
07.1 33. 06.9 24-0 5 041.1 f 06, 04.1 $ 
07.9 04.2 O7. 8 PA. x bp. 94.5 07.7 04.6 q 
08-2124-7 >| 08.7þp5.9] 93 6 J } 08.6Þ5.1 | to 
09.7 05.2 09.5 5.5 09.4 05.6 09. 90.5 = 
10.6 25,6 10.4 36.0 10.3 Q 6.2 10.3 4 f 
11.5 PE. 1 311.356.511. 106.7 [11.1 56.7 13 
12. 3586.6 »O | 12.1J07.0 12.0 97-2] 12. 07.2 fl 
13.2.1 13-0075 12.9.7 12.9 7.7 15 
14.1074 13.98.01 13.78.2127 
17.0 — 14.7 8.5 14-5 58.7 3] 95.2 
15.9008. 15.9.0 15· 409. 2 
16. 808. 9 16. 39.5 16.309. 8 
17.60. 4 09-7 2 10.0} 17:Uto.3 
18.5þ9.9 18.2Þ10.5 | 18.0)10,8 
19.4010. 19. J1 1.018.911. 3 
20.3 10.8 19.9111. 5 19.711. 8 
21.211. 3 20.801 2.0 20.601 2.3 
22.01 1. 8 21.5125 21.4012.8 
22.91 2.3 22.51 3.0 22. 311 3.4 
23811 2.7 23.13.51 23-111 309 
24.7 13.2 24.2 14. 0 24.0 14.4 
2561 3.7 25˙1J14.5 24+9114.9 
26.511 4.1 26.0115. [25.7 [u 5.4 
27.3 14-6 26.8 15.5 26.6 15.9 
28.2J15.1 27.7 J.6.0 27.4116.4 
29.115. 5 28.616.528. 317.0 
30.0016. 29.517. 0 29-2117.5 
2 ie.s 30:3]17-5 | 30-0[18.0] 
31.7]17-0 | 31-2J18.0] 30. [18.5 
32.6117-4 32.018.531. 719. o 
33.5 17.9 32.5 19.01 32.5 19.5 
34.4ʃ18•4 33-8]19.5 33.4420. o 
35. 3018.9 34.0.0 34-3]20.6 
36.1ſ19.3 35·305.5 35-2211 
37.019. 36.402 1.0 26 0121. 6 3 
37.920. 3 37-24-15 36.9 22.1 
38.8 f0. 7 38. 122.0 37-7]32.6 
39.71 32 C 39-5Þ23.1 
40.6.7 39.8023. 0 39.53. 6 
41. 4E. 2 40723-5489. 3124.2 
42.3 22.6 41.6 24-9 | 4<-2 24.7 
43.2J23.2 42.4245 | 42*0[25.2 
| 44-1036 | 43-7}24:2 [483 7 | 42:9]25-7 
| S;PepLat|Dep!Lax] DepſLat De Lat DepſLat E 
1>j62 Deg, 5£Point 61 Deg. ] 60 Deg. 5 Point 59 Deg | 


of Latitude and Departure, 


7 25 Point | 29 Deg. 24 Point 
P Ve; Zatl Je. 
; 12.47 543. 426.2 
0 45+5]Þ25+2 44-1267 
ö 46. 25 +7 45+5127-2 
47-2]26.2 46.3127-8 
43.1 16.7 47. J28.; 
49.6 27.1 48.0 23.8 
49-<[27-6 48.9]29-3 
5O.-]28.1 49.729.8 
; [ | :8 3 
) 5 of - 6 50. „0. 3 
| 52452901 51.5 30.8 


52-313 1-4 
53.231.9 
54-013 2+4 
5432.9 
55-7]33-4 
56.E133.9 
$7-5]34-4 
88.3637. 
F9+2135+5 
5 60.c[36. 
60 $1365 
61+8]37.0 
62-0] 37.5 
63.7138. o 


e ß 


80.6 48. 3 
81.5 48.8 


84. 046.5 $2.3]49+3 l 
84.847. 0 83.2 49.9 
85.747. 5 84.150. 
: «3140.7 | 86.648. o 8449] 509 
933.3, 46.9 | 88-2147-1 | 87 5148-5 | 24222 
O O. Lat D-p Lat] DepLat Dep Lat 


N. 5ZPoin: 


2162 Deg. ;xPoint 61 Deg, 60 
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4 . 
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Dep] Lat De Lat Den 
100 00 5 ©00.8[00.5 00.8 D9.6 

; 7 91.701. 1101. 7401. 1 01.701. 101.601. 1 

2.51.6 oz. 501. 5 02.51. 7 [oz. 50:7 

03. 402.2 o3. 32. 2 [o3. 3Joz. 3 

94. 302.7 04. 112.8 04.12. 9 

05. 03.3 05. 3.44.03. 4 

05. 03.8 05.8Þ3-9 195-7104.0 

06.7104-4 06. 64.5 os. 5ſog. s 

O7+5194+9 07.55 · [7-4[05-2 

22 08. PL. No.2 

09. 06. o 09. 16. | 09-Olos. 3 

10. 106.5 09.96. 709. 8 Jos. 

10. 907.1 10.8Þ7.3 | 10. 60. 

11.707. 11 67.8 11. 5o8. o 

12.8.2 12.4Þ8.4 | 12. 3008.6 

I 3-4 08.7 13.3 08. 9 13.1 09.2 

14. 309.3 14. 19.5 13-9169.8 

17. 109.8 15.0 10.0 15. 910.1 14.710. 3 

15.J10.315.8 10.615. 10.6 15.810. 9 

16.810. 16.611. 1 16.61 1. 2 11.5 

17.41 1.7 17.212. o 

18.12.30 18.001 2.6 

19.001 2.8 18.81 3.2 

19.991 3.4] 19.7J13.8 

20.7]14-0] 20-51 14+3 

« 21.5 14.5 21. 1 14.9 

2722.9 14.3 22. 41 5. 1 22. 115.5 

14-8 23.2]15.6 | 22-9]I6.1 

24.011 6.24 23-8116.6 

24-9116.3 | 24-6]17.2 

225.717.325. 417-8 

8126.5 17.9 26.2 J18.3 

27.4118. 4 | 27. 018.9 

28.19.01 27.9]19-5 

29.0]19.6 | 28.720:1 

29.8120.1 | 29.5 20.6 

30. 20.7 30.3 21.2 

31.51. 2J 31.1J2z1.8 

32. 3E 1.8 32.0122. 3 

33-2224 | 32-$]22-2 

34-0]22+9 | 33-0235 

34-8123-5 | 34-4J24+1 

35-6]24-0 | 35. 24.6 

36-5Þ24.6 | 36 0125.2 

37-3Þ5-2 | 38:9]25:8 

=_— . 38.1Þ5-7 | 37-7026.4 

39-4|*5-6 | 39.1]26-1 | 39.026.3 | 38.5]27.1 

40. :126-I | 39.9267 | 39,826.38 | 39-3]27.6 

41.726.740. 727. 240. 627.4 40. 1028.2 

| q1-$|27:2| 41 627.841.428.041. 0 28.8 | 40.42 
| | | De. Lat VDepſ¶Lat Dep[Lat Dep|Lat Dep|Lat 
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=_ > |58 Deg. 57 Deg. 5 Points| 56 Deg. '55 Deg. 36 Deg! 


— - — 


— 4 


433 3 Points | 34 Deg | 35 Deg | 36 Deg. | 
usb LarjDcp LayDepſ Lat | 


g +5 — 1 2 5 
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ub * -_ " g n= * \ — 
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56.2130-5 | 55713721 55-5137 
of? 7. 37. ö 9 322 7.2 
1 78.738. * 38.9 58.0J3941| L. sic 


59.6133-7 1 2051394 58.9135. -2140.7 $7-4 41.7] 71 
60.439. 540.0 59.7140. 441.358.242.314 72 
61.239·8 40.6 60 514 41.9 59.112.973 
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Cape Britain — 446 20 58 15 
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< Cape St. John — — 9 <2 35 2 
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A Table of the Sun's Right Aſcenſion, 
Month, Jan. Feb. | Mar. April May June | Wy 
Days, H. M. H. MH. M*[H. M. H. M. l. M. [ 
1 [19 3521 42[23 281 253 185 23 
2 19 39 z 4623 31ſt 2913 225 27 
3 19 4321 503 35% 3303 2656 31 
+ 19 47P1 34/23 3b 36836 3056 36 
5 19 5x21 58/3 43% 403 346 40 
6 19 56022 2123 4601 443 385 44 
| 7 [29 o G[23 50% 473 425 48 
8 20 4|22 10[23 14|1 516 466 52 
9 20 9|22 14/23 58|t 546 505 56 
10 20 1322 176 21 583 54 0 
11 [20 I7]22 210 62 263 58 4 | 
12 20 22/122 250 1loſ2 64 26 8 
13 20 2622 2900 1342 10 616 12 
14 20 3022 330 172 13 106 17 
15 20 34022 36 2112 174 1446 21 
16 (20 38[22 4600 2512 21 1886 25 
17 [20 42[22 440 29 z 25 2246 29 
18 20 46/22 48% 3202 294 266 33 
19 [20 50% z2 520 362 324 306 38 
20 20 54/22 55] 402 36 3416 42 
21 [20 58½22 59jo 44/2 4044 38/6 46 
22 21 323 30 4812 44 4216 50 
23 [21 7z3 60 510ʃ2 484 466 54 
24 21 11023 1000 55% 514 506. 58 
25 21 1523 130 59] 2 554 547 2 | 
221 19/23 %% 3% vol 587 6 
27 21 2323 2101 613 315 27 10 
28 [21 2723 251 1003 75 67 14 
29: [21 31 1 143 10/5 I1ſ7 19 
30 55 35 1913 93 $57 -- 33 
121 38 1 21 ls 19 1 
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A Table of the Sun's Right Aſcenſion: 
Month, July , Aug. Sept. Octo. Nov. Dec. 
Days. H. M.|H. N. H. M. H. .F. M. H. NM. 

17 27] 9 291 23113 12151 1117 19 
2 7 31 9 331 2603 15/651 5617 24 

3 7 3519.37½1 303 195 197 28 

4 7 39] 9 401 373 22015 23117 33 

5 7 43] 9 44½1 333 26615 2717 37 

6 7 4719 48011 4113 36[15 31117 41 
717 519 5 4413 345 35117 46 
8 7 559 55/11 48013 38|15 397 50 
9 2 59] 9 58/11 5113 4115 44[17 54 

lo 8 310 211 5513 45 15 4817 58 

118 #710 6611 59113 495 53018 3 

12 8 11610 10012 213 5315 57118 7 

13. 8 15% 0 14]12 613 57116 2118 12 

14 8 19/0 17/12 94 o[16 6118 17 

15 8 2310 2112 1314 4016 1118 22 

16 8 27t-to 25/12 1714 816 15018 26 

17 8 31/10 28012 20014 12116 1918 31 

18 8 3510 32/012 24014 16016 2318. 35 

19 8 390 35/12 37]14 2016 28018 39 

20 8 4310 39112 3114 2416 32/8 43 

21 8 4710 4312 3514 2816 3618 47 

22 8 51-0 46|t2 38014 3216 4018 51 

23 {8 55]10 5012 42/14 36116 4418 55. 

24 8 590 5312 45114 39116 49|19 © 

25 210 57/12 49/14 43116 5319 4 

26 61 112 53114 47116 579 8 

27 1011 412 57/14 5117 119 13 

28 1411 8813 114 557 59 17 

29 17111 11/013 4/4 5917 19 22 

30 21111513 815 3117 14/19 26 
3% mui 19 15 7 19 30 
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The Uſe of the Table of Fixed Start, and Sun's 
| | 7 Right Aſcenſion. : | 


IRS T, Suppoſe you ſee a Star upon the Meridi- 
T an, and know not what Star it is, ſee for the Sun's 
Right Aſcention the Day propoſed, and to that add 
the Hour of the Night when the Star is upon the Meri- 
lian, caſting away 24, if it exceeds; and for that ſum 
book in the Table of Fixed Stars, under [ Right Aſcen- 
ſon, ] and the Star againſt which it ſtands is the Star 
that you ſaw upon the Meridian. 5 51 

Example. December 3 1, at 11 at Night, I ſee a Star 
won the Meridian, which I ſuppoſe to be of the Firſt 
Magnitude, viz. one of the Biggeſt of the Fixed Stars; 
[find the Sun's Right Aſcenſion that Day 19:30, to 
which add the Hour of the Night, 11, the Sun is 30 
zo; but caſting away 24, there Reſts 6 30, which I 
look for in the Table of Fixed Stars, under [Right 
Aſcenſion] and find it to ſtand againſt Syrius, the 
Great Dog, ſo I know it is the Great Dog that I ſaw 
upon the Meridian, which is a Star ot the firſt Mag- 
titude: And ſo iu others. | 

But if you know a- Star, and deſire to know what 
Time it will be upon the Meridian, ſubtract the 
Right Aſcenſion of the Sun that Day from the Right 
Aſcenſion of the Star mentioned in the Table (Bor- 
rowing 24, it need be) the Remainder is the Time of 
the Star's Coming to the Meridian. Example; I de- 
lire to know. what Time the Great Dog comes to South 
February the Firſt, the Sun's Right Aſcention that Day 
is 21, 42, which ſubtracted from 6 30, (the Right 
Aſcenſion of the Great Dog) by adding 24, becauſe it 
cannot be done otherways, the Sum is 30 30, from 
which take 21 42, the Remainder 8 48 is the Hout of 
the Night that the Great Dog comes to the South. 


Again: 


54 The Uſe of the Table of Fixed Start, &c. 
Again: If you ſee a known Star upon the: Meric 

an. and deſire thereby ro know the Time of the Nigh 
you may preſently know what Hour it is by the 
boveſaid Rule; and in common Caſes, if you kno 
the Time of a known Star's coming to the Meridia: 
you may nearly compute it by Allowing 4 Minute 
to every Day. Example: I have found as above, tl 
the Great Dog ſouths February the Firſt, at 48 Minut 
paſt 8 at Night; And ſeeing the ſame Srar upon thi». 
Meridian February the 9th, I deſire to know the Hou Lol 
of the Night; now from February 1 to February 9, i 
8 Days, which, allowing 4 Minutes a Day, amoun 
to 32 Minutes, which ſubtracted from 8 Hours, 4{ 
Minutes, the Time ot the Great Dog's Southiug Februa 
ry the Firſt, the Remainder 8 Hours, 16 Minutes, i 
the Time of the Great Dog's Southing February th 
Ninth. This Allowance of 4 Minutes a Day ma 
' ſerve for common Uſe, but it you would be cxas 
work by the preceeding Rule. 
In thelaſt Column of the Table, you have the De 
clination of the Fixed Stars, which is of Uſe in takin 
an Obſervation : Of which, ſee more in Chap. 7. Sealant 
4 of this Treatiſe. * _ - 
The Magnitude is of Ute to know the Bigneſs of: 
Star; thoſe of the firſt Magnitude, being the biggeſt 
the ſixth the leaſt; and the reſt of Bigneſs Proportio och 
nable to their Magnitudes expreſs'd in the Table. Wd [ 


4. 


Containing ſeveral Pleaſant and 
_ Vſcful Queſtions: 


f 


S ner 
Of Currents; 


hes N Sailing in a Curtent it is very eyi- 
dent, that 4 Ship doth not make her 
BE Way good according to the Courſe 
SR eered by the Compaſs, and the D- 
TEX? tance run by the Log, but being at the 
=> ame Time privately carried by a Cur- 
rent, her true Courſe and Diſtance is 
n of the Courſe and Diſtance ſail'd, and of 
te Courſe and Motion of the Current; therefore where 
{th theſe are given, you muſt firſt lay down the Courſe 
nd Diſt. ſailed; and: from that the Courſe and Motion 
the Current; and the Courſe and Diſtance from the 
ace ſail'd from, to this laſt Place thus found, is the - 
ie Courſe and Diſtance made good as in the firſt Que- - 
on following: A Ship fails S. E. 100 Miles from C to 
„and a Current ſets in the fame time Weſt 30 Miles; 
ov if there was no Current, the true Courſe and Di- 
ance of the Ship would be repreſented by the Line C 
and the Point 4, ſhould repreſent the Place failed to, 
ut becauſe a Current ſets Weſt 30 Miles, in the ſima 
me, I ſet off 30 Miles W. from A. to D and the Point 
„ tepreſents the Place * and the Line CD 2 
1 the 


66 Oueſtions concerning Currents, 
the true Courſe and Diſt. made good; and hence in eye 
ry Queſtion in Currents, there is conſtituted a plai 
b either Right Angled, or Oblique, the Angle 
of which ſome call the Angles of Reflection, Defle&i 
on and Incidence, as Mr. Norwood in his Seaman's Pr, 
Rice 3 but by the Learned Mr. T. P. more properly thi 
Angle of Force, the Angle of Submiſſion, and the Angle 
of Chance: But I ſhall not trouble the Learners Memo 


ry with theſe Terms, but call them as indeed they ai”! 
the Courle ſteered, or the Courie made good ec. An 4 


therefore, Note, That by the Courſe, or the Cour 
ſteered, I mean the Courſe by the Compaſs, and by thi 
Diſtance, I mean the Diftance by the Log, but by Courſe 
and Diſtance made good, I mean the true Courſe ani 
Diſtance of the Ship, from the Place ſail'd from, to the 
Place come to, with Allowance for the Current, ec. 
There are ſeveral Caſes and Varieties in Currents, but 
Three are chiefly uſeful : The Firſt is, when the Courle 
and Diſtance is given, with the Courſe and Motion 0 
the Current alſo given, to find the Courſe and Diſtance 
made good. The Second is, when the Courſe and D) 
ſtance ſail'd, and Courſe and Diſtance made good is gi 
ven to find the Courſe and Motion of the Current 
The Third is, when the Courſe and Diſtance mad 
good, and Courſe and Motion of the Current is given, 
to find the Courſe and Diſtance ſail'd, and this is of 
great Uſe when the 2 Diſtance of two Ports 
or Iſlands are given, and the Courſe and Motion of a Cur 
tent between them is alſo given, to find how much to lj 
your Ship to the Windward of her true Courſe, that ſo 
the Set of the Current with that Courſe ſteered may jul 
bring her to the propoſed Port. | 


CASE I. Courſe and Diſlance ſail*d, and Courſe and Motion 
of the Current given, to find the Courſe and Diftanc 
made good, 


Geometrical ConflruBion. T, 


A Ship Sails S. E. 100 Miles in 24 Hours in a Cut 
rent that ſets Weſt 30 Miles in the ſame time, I an 
| | What 


Oneſtions concerning Currents. 63 
what is the true Courſe and Diſtance made good in 24 
Hours time. With the Courſe S. E. and Diſtance 100 lay 
down as in plain Sailing Geometrical; and 
then it will appear as in the Triangle, 4 BC, Fig. 66, 
ind the Ship ſhould be at 4; but becauſe the 
(urrents ſets 30 Miles Weſt in the ſame time, ſet off 30 
Miles from A to D becauſe from a A to Dis Welt ; then 
the true Place of the Ship at D; therefore draw the 
Line CD then is the Triangle CBD the true Projection of 
the Queſtion, with Allowance for the Current, in which 
the Angle BCD 29. 56. is the true Courſe made good, 
the Hypotenuſe C D 81. 6. the Diſtance, the Leg C jo. 
vis the difference of Latitude, and B. D. 40. J. is the De- 
urture, as may be found by Meaſuring them Geome: 
tically. | 
g Arithmetical Calculation, 


By Caſe the firſt of plain. Sailing. 
ks Radius + — — ————JJ,0-1 0.00006 


To the Diſtance — FTT. ̃—coꝓÜͤpe 7 
To Sine C mp. Courſ 45.0—9.84948 


2 _— 441 * 1 


To difference of Latitude —— — 750.7 1.84948 


The departure is alſo 70.) equal to difference of La- 
titude, becauſe the Courſe is South Eaſt, viz. at an An- 
ge of 45 degrees. 5 

But becauſe the Current had ſet her 30 Miles W. in 
the ame time, therefore ſubtract 30 from the depar- 
ture found 90.7, there remains 40. 7, the true departure 
MW vith allowance for the Current. | | 

rl Then you have the true difference of Latitude and 
Departure given to find Courſe and Diſtance, by Caſe 
the Sixth of plain Sailing. 


As difference of Latitude. L 70./—1. 84948 
To Radu — — 90.010. 00000 
do true departure . ——— 40.71. 60959 


tt. 


To Tangent of the Courſe —— —— 29.56—9.7)6911 
E e 2 „ 


68 Queſtions concerning Currents. 


Then for the Diſtance. 


As Sine of the Courſe —— —— —— 29. 569.698: 
To Departure - 
So is Radius 


To the diſtance made good — $1.6— 1.911; 


Or the Diſtance may be found thus, by Caſe the 
Fourth of oblique plain Triangles. 

In the oblique Trianzle BCD there is given the fide 
B C 100 and the fide D C 3c, and the Angle betwee 
them 45 degrees: Then by Cafe the Fourth of oblique 
plain Triangles. | 


As the Sum of the Sides — — 130 2.1139 


To the 1 the ſide - 70 1.8350 1 
So the Tang of 2 the Sum of the __ 
unknown Angles © 67.30.10.383 | 


e hs { 


To the Tang. of £ their Difference. 52.26.10.1139 


Hence the Angle DBCis 119 36, and the Angle! 
BC is 15 4. 

Then for the Side B D, which is the true Diſtance 
made good. z 


As Sine of DBC — 15d 4m Co. ar. 0.5851} 
To the Side D C — 39 1.47712 
So is the Sine of BCD 45 0 9984944 


)— 


To the fide B D 81.6 the Diſtance required 11.6117} 


But ſuppoſe the Current had ſet upon an oblique 
Courſe, and not due Eaft, Veſt Nort', or South, the 
Operation had been more difficult: As for Example, 


A Sh 
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Ship ſails 8. E. too Miles a Day, in a Current that ſets 
N. N. V. zo Miles a Pay; I demand the Courſe, Di- 
fance, Difference of Latitude and Departure mace good 
in one Day. | 


Geometrical Conſiruttion. 


Liy down the Triangle ABC, as in the ſore- 

ping Queſtion, with the Courſe S. E. viz. Fig. 67. 
in Angle of 45 Degrees, the Diſtance 100, | h 
te Difference of Latitude 70 7, and the Departure the 
me as found before; then ſhould the Ship be at A; 
ut becauſe the Current in that Time hath fn the Ship 
z Miles N. N. W. therefore ſet off 30 Miles N. N. W. 
fom 4 to d, which may be done by the Rule laid down in 
nyerſe ſailing Geometrical; for ſeeing the Line CA is 
CE. from C to 4, it muſt needs be North Weſt from A to 
(ʒ and then ſeeing the Current ſets N. N. W. which is 2 
Points to the Norward of North Weſt, therefore with the 
Chord of 60, and one Foot in A, draw the Arch g e, 
won which ſet off 2 Points from g to e, and draw A e, 
which is a N. N. W. Line, upon which ſet off 30 (the 
Current's Race) from A to 4, and then is the true Place 
of the Ship at d, her true Diſtance, C 4 73 2 Miles, her 
difference of Latitude c q 43 0 Miles, and her Depar- 
ure 4 59 2 Miles, and the Arch xh meaſures the Angle 
tC 544 om the Courſe required, 


58513 Arithmetical Calculation, 


4949 in the Triangle 4 Sd right angled at 5, you have 

even the Hypotenuſe A d 30. E the Angle at 4 67 
61173; (becauſe A d is a N. N. W. Line) to find 4Sand Sd 
by Caſe the firſt of right-angled plain Triangles, 


le, E e 3 ; As 


no Queſtions concerning Currents. 


As Radius . — 90 Od 1900097 
To the Hypotenuſe 4 4 30 — 1. 4 n 
So is the Sine of the Angle at 4 —. 67 30 9.9650 


To the Leg % „0 
— | 

As Radius — — 90 © 10.0000, 
To the Hypotenuſe A d — 30 — 14711, 
So is the Sine of the Angle at 4 — 22 30 9.5828; 


To the Leg 4 


— 


- 


* . 
= 
. _ — 


11 $3 11.0599 


6 


The Leg Sd 27 7 equal to 9B, ſubtracted fromthe 
whole difference of Latitude C B 0 7, leaves Cq the 
true difference of Latitude 43 03; and the Leg SA 1; 
5, ſubtracted from the whole Departure yo ), leaves 59 
2, the true Departure: By which you may find the 
true Courſe and Diſtance by Caſe the fixth of plain 
Sailing. | | 


As difference of Latitude — 43 c 1.63346 
To Radius | | — 90 CwmIO0.0000) 
So is Departure ——— 59 2— 1.77232 


To the Tang. of the Courſe G36 10. 13886 


* 
a 


* * — Log 
£ 


| As Sine Comp. Courſe SC —— —— 54 o— 9.76921 
| To difference of Latitude —— —— 43 — 1.63346 
| So is Radius — — 90 C10:00000 
| * — |: 

To the Diſtance — — 3 — 1.86425 ö 


_ 
=y 


— 


The true Courſe is 54 Deg. from the South Eait-W 
ward, or S. E. near 4 Eaſt, and the Diſtance is );; fd 


Mules. 


CASE 1 


Oneſtions concerning Currents; or 


ASE II. Courſe and Diſtance ſailed, and Courſe and Diſtance 
made good, given, to find the Cous ſe and Mot ion of the 
Current. | 


A Ship fails (by the Compaſs) S. by E. 36 Miles, 
id then arrives at a Place which is known to bear 
fom the Place ſail'd from 8. E. by S. 54 Miles, (ha- 
ing been deceived by an unknown Current) I de- 
mand which Way the Current ſets, and how faſt, 
ſppoſing the Ship to ſail by the Log 4 Miles an 


Hour. 


Geometrical Conſtrultion. 


In this, all and other Caſes of Current, as 


rell as plain Sailing, Traverſe c. draw the Fig. 68. 
es 5 and South Line 4 B, and ſet off the | 
d the courſe Reer'd S. by E. and the Diſtance 36 Miles from 4 


o Cz then ſet off alſo the Courſe and Diſtance made good 
$4 Miles S. E. by S. from A to D: Then becauſe by the 
Courſe ſteer'd by the Compaſs, and Diſtance run by the 
Log, the Ship ſhould have been at C, but is found at D, 
0000 therefore I am ſure there is ſome Current hath ſ:t me in 
71232 the ſame Time from C to D, therefore draw the Line CD 
ber the ſet of the Current, which meaſured will be found 
3556 W to be 25 Miles. And the Angle ACD accounted from the 
N by W. Point (becauſe the Line CA is a N. by W. (Line 

vill be found to be 11 Points from the N. by W. Eaſt- 
Ci wards, viz. E. S. E. o Deg. 9 Min. ſoutherly, for the true 
3340 WM Courſe of the Current by the Rule laid down in 
2000 (Traverſe failing Geometrical for laying down Courſes 
— Wy Diſtance of Points. | 


— Aritkmetical Calculation. 


Lat · in the oblique Triangle 4 C D, you have given the 
15*W fide 4e 36 Miles, and the fide 4 D 54 Miles, and the 
Angle betwen them 2 Points, or 22d 3om (being the 
Diſtance betwen 8. by E. and S. E, by 8.) to find the 
Il | Ke 4 Angle 


72 Queſtions concerning Currents, 


Angle 4 C P, and the fide CD, by Caſe the Fourth, 
oblique plain Triangles. | 8 4 


As the Sum of the given ſides 90 —- 8.047 
To their Difference — — —18.— 1.255 
80 Tang. of 3 Sum of unknown Angles 78:45: 10.013 


— . 


To Tang. of 3 their Difference 45-9 19.9923 


The half differ ence cf the Angles — 45d 9m 
Added to the half fum=—————7 45 


The ſum is the Angle 40D 123 54 
which reduced to Points of the Compaſs, is 11 Points, 
o Deg. 9 Min. and that accounted from N. by W. find 
E. S. E. o deg. 9 min. ſoutherly, for the true .Courſe 
of the Current. | | 


Then for the Side C. D. the Current's Race in that 


* 


time. 


Co. Ar. 


As fine of the Angle ACD 123d: 54% —9.08092 
To the fide 4 D— —4— 1.73239 


So is ſine of the Angle C4 D — 22 30 —9. 58283 


To the fide C D required 25 — 1.39614 


So that the Current ſet 25 Miles E. S. E. 9 min. Su. 
therly, in the time that the Ship ſail'd, by the Log, 36 I, 
Miles S. by E. and ſuppoſing the Ship to fail 4 Miles r. 
an Hour, ſhe would fail 36 Miles in 9 Hours, in which 80 
time the Current ſet 25 Miles, therefore divide 25 by MW 
9, the Quotient 23 Miles is the Hourly Motion of the {WT 
Current, 1 1 


CASE III. Courſe and Diſtance made good by the HA 
Ship, and Courſe and Motion of the Current given, Win 
to find the Courſe and Diſtance ſail'd : Or, more pro- MW 
perly thus, Having the Bearing and Diſtance, between Mii 
two Ports or Iſlands, given, and having alſo the Courſe H: 
and Motion of a Current that lies between them Wi 
given, to find what Courſe to iter by the Compals, Wy 
. 51a 50 FA 5 1 
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r how much to Windward of your true Courſe to ſteer, 
that ſo the Compound Motion of the Ship may juſt 
her to the — — Port. 1 
There are two Iſlande A and B: The Courſe from 
to 4 is South 40 Degres, Weſterly 80 Miles: The 
ucrent ſets Eaſt 23 Miles an Hour, a ſhip fails 42 
Miles an Hour, I demand what Courſe ſhe muſt ſteer 
fom B to 4, and how far ſhe muſt ſail by the Log be- 
fire ſhe arrive at A, the Port deſired. 


Geometrical ConſtruAion, 


Draw the N. and S. Line B D, and ſet off os 
the Courſe and Diſtance from B to 4 South 40 Fig. 69, 
Degrees Weſt, Bo Miles from Bto A: Then be- Ne: 
uſe the Current ſets Eaſt, draw the Eaſt and Weſt Line 


Gometrical, then is the fide A B do Miles, and the Angle 
BAC 130d oom given but you have no other fide nor 
Angle given in the oblique Triangle 4 B C, but you 
hive the Proportion of the two fides CA and CB, 
for C repreſents the Motion of the Current 25 Miles 
un Hour, and B C repreſents the Motion of the Ship 
thro' the Water 4 Miles an Hour: Therefore find the 


90 les. 

Fo Asthe fide BC 4, or in Decimals 4.5 Co. 4r.9.34679 

dich To the Angle B 4 4 — 130.0 —9 88425 
cn s the fide AC 24, or — —2.5 — 0.39794 
E | — 

the To the fine of the Angle A BC-- 25.11=—-9.62998 
he The Angle 4 BCis 254 —- 11m, therefore make the 


Angle A BC 25.11, and draw the Line BCtocut 4 C 
ven, n , and then is the Projection finiſhed, and the Angle 
pro” WB C25 11 added to the Angle AB D 40d —om, the 
een um 6541 im from the South Weſterly, or W. 8. W. 
qa zmoſt 4 Southerly, is the Courſe that the Ship muſt 
wa 2 to gain the Port with Allowance for the Cur- 

> Then 


{Cat Pleaſure, by the Rule laid down in Traverſe failing 


Angle 4 E C by Caſe the Second of oblique plain Tri- 


74 Due ſtions concerning Currents; 


Then for the fide BC, the Diſtance fail'd by . 
Log, ſubſtract the Sum of the two Angles 4 and! 
1554 — 11: from 1804—0m, the Remainder 24d—49 
is the Angle A C B Then, ——— 


As Sine of the Angle 4 CB 24.49 Co. Ar. 0.3719 
To its oppoſite fide B 4 80 — 1.90304 
So fine of the Angle B 40 — 130—5 9.88423 


To the fide oppoſite B C — 146 —. 2.164; 


The Diſtance fail'd by the Log is 146 Miles, and 
the Rate of Sailing is 43 Miles an Hour, therefore di- 
vide 146 by 43, the Quotient 32$ is the Hours that the 
Ship will be in ſailing from B to A. 

Now if you would prove the Work, multiply 325, 
the Hours that the Ship is in failing by 23, the Mile, 
that the Current ſets in one Hour, the Quotient 183, 
is the Miles that the Current ſets in that Time repre. 
ſented by the fide 4 C, which you will alſo find to he 
true by the following Canon. 


As fine of BAC —— —— 130.0 Co. Ar. 0.11575 
To fide opofite B . —146 2.16439 
So fine of 4 BC 25.11 —9.62891 


2 


To ſide oppoſite A Co — $1.1 — 1.9090; 


Note, It is neceſſary in this Caſe to know how faſt 
the Ship fails, for the faſter ſhe ſails, the leſs ſhe need the 
lye to Windward of her true Coutſe againſt the Cur- 
rent. 


Caſe IV, or Queſtion IV. I 


There are otherVaricties in failing in a Current, ſome Il... 
of which I ſhall inſtance for the Learner's Improvement WW pe 
and Diverſion, 8 gle 
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nd / Current ſets 32 Miles à Day E. N. E. a Ship Sailing there- 
in ſteers S. 8 E. by the Compaſs, and finds that in 24 Hours 
ſs: is 70 Miles diſtant from the Place Joao my de- 
mand upon what Point ſhe hath made her ay good, and 
17008 hor fur far bath ſail'd by the Log? : 


Geometrical Conſtruct ion. 


Draw the N. and 8. Line 4 B, and ſet off | 
the Ship's Courſe ſteer'd 8. S. E. az. 30, and Fig. 70, 
draw the Line 4 C continued; then any where 
upon that Line, as at C, draw an E. N. E. Line (as the 
Line D C by the Rule laid down in Traverſe failing Geo- 
netrical to repreſent the Set of the Current, upon which 
2 ct off 32 Miles, the Current's Motion in 24 Hours, from 
lle c to D, then at the neareſt Diſtance from D to the Line 
%%% 7c (which here happens to be the Length of the Line 
pre. D, becauſe CD is perpendicular to 4 C) draw the Pa- 
de nel / D then with 70 Miles (the Diſtance made good} 

in your Compaſles, and one Foot in 4deſcribe the Arch 

Ig continued, and where it cuts the Parallel Das in g, 
75% begin the Line g E, drawing it Parallel to the Line D 
5% c: Then is A f 70 Miles the Diſt. made good, Eg 32 
i Miles, the Set of the Current E. N. E. The Lin e 
:. 3 Miles, the Diſtance ſail'd by the Log, and 
0 che Angle Egg 27d 12m added to the Angle 3 40 

12d=—3OM, che um 49d. —42m is the Courſe made good 
from the South Eaſtward, or the Arch Am meaſured on 
the Rumbs, gives S. E. 4 Deg. 42 Min. Eaſterly. 


Arithmetical Calculation, 


In the Triangle 4 Eg you have given the Diſtance 
made good A g Jo Miles, and the Motion of the Cur- 
rent Eg 32 Miles, and the Angle A Eg (which hap- 
pens here to be a Right Angle) go deg. to find the An- 
gle E Ag thus, 


Ag. 


os Queſtiont concerning Currents) 


As fide Ag — 70 — 1.8450 

To Angle oppoſite 4 EAR —— — 90.09 — 10.0000 

80 ſide Eg e * — 1.5051 Drau 
| | | he Co 

To Angle oppofite E Ag —— —— 275.12 —— 9.6 ntinu 


| he Lo 

The Angle E A g 27d 12m added to the Angle Bc Mine 4 
22 30 the Sum 49 42 is the true Courſe, made Cu 
good from the South Eaſtwards, viz. S. E. 4 42m EA ies t 
ſterly. . d ſoa 


| ne A 
Then for the Side 4 E the Diſtance ſail'd by the Lo 


s dor 
t lay! 
re- ſel 
ill be 


45 de 
; ide 


o fine 


fide 


As the Angle A E g —— —— —— god om — 19.090 
To fide oP fite Ag 7 O — 1. 8450 
So the Angle Ag E — — — 62.48— 9.9491 


To fide oppoſite 1 E —— 623 — 1.7941 


The Courſe made good is S E 4d 42m Eaſterly, and 
the Diſtance ſail'd by the Log is 62.3 Miles. 

And if vou would prove the Work by Inverting the 
3 and propoſing it in the firft Caſe of Curren 
Sailing thus. | 

A Ship fails S. S. E. 62.3 Miles in a Current that ſets 
F. N. E. 32 Miles, in the ſame time yog will find the 
Anſwer produces 70 Miles 8. E. 4d 42m Eaſterly, fo 
the Courſe and Diſtance made gaod. ly d 

Note, although in this Caſe the Triangle 4 Eg it ine 4 
Right-angled, becauſe the Current's Race E. N. E. e Li 
makes a Right-angle with the Ship's Courſe S. 8. E. 
vet in any other Caſe it would have been an oblique The 
Priangle; but the Rules both for Projection and Cal- 
culation would have been the ſame. | | 3 
| = | To fi 

Queſtion the Fifth, A Ship ſails 52 Miles a Day o fine 
by the Log. in a Current that 55 Eaſt 12 Miles a Day, 
and then finds that ſhe hath made her Way good ate ſid 
South Eaſt, I demand what Courſe ſhe ſteer'd by the 
Compals, and what diſtance ſhe made good. 


o fine 
ich 
6 {ub 
ny 
ive 4 
n Ang 


Geometris 
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Geometrical Conflruftion, 


„Draw B, and with an Angle of 45 deg. | 
te Courſe made good, draw the Line AC Fig 71. 
mtinu'd, then with 72 the Diſtance ſail'd by | 
he Log ſweep the Arch Bd ; then any where upon the 
ie A B as at B, make an Eaft and Weft Line becauſe 
e Current ſets Eaſt ; then take 12 Miles in your Com- 
aſſes the Current's Motion, and ſet it Parallel to B C, 
d ſo as that it may juſt extend from the Arch B d to the 
ne 4 C, as here from e to g, and draw the Line eg and 
1s done — or if you think this Method too mechanical 
rlaying down the Line ge you may do it thus: You 
MWhere-ſec that in the Triangle Ae g when laid down, there 
oil be given the fide Ae Ja, and the Angle oppoſite to 
01088 45 deg. and the fide e g 12, to find the Angle Ag thus 


s ide Ae — 3 72 Co. Ar. 8.14267 
ofine of Angle oppofite A ge — 45.0 — 9.84948 
d fide e 8 — — 12 1.07918 


ofine of Angle oppoſite g 4 — 6.46 9.07133 
hich added to the Angle Age 45 deg. the Sum 51. 
6 ſubtracted from 180, leaves 128. 14. the Angle, 
ſet g, therefore having ſet off 72 from 4, upon the 
these A e from 4 to e, ate draw the Line eg, to make 
p Angle of 128.14 with the Line 4e, this Line if care- 
ly done will juſt contain 12 ſuch Parts, whereof the 
ine 4 + contains 72, by that time it is extended to cut 
E. e Line A g. | 
5 


pe Then for the fide 4g the Diſtance made good. 


al 


fine of e Ag — — 6.46 Co. A.. . 92867 
Lo ſide e g 2 K 1.07918 
ine of fe g — — 28 .14—9 89514 
a\, — — 
ao fide 4g the Diſt. made good — 80 — 1.90299 


Its 'The re- 


78 Nueſtionr concerning Currents, 
. 7 6 8 
Therefore for the Courſe ſteer'd, ſubtract the Ang rand 
e Ag 6.46 from the whole Angle given b 4g 45, t 5555 
Remainder 38.14 is the Angle, b 4e the Courſe ſteere EY, : 
and the fide 4 found to be 80 is the Diſtance mal. 
ood. | 
- Note, In finding the fine of any Angle above 900. 
grees, you muſt ſubtra the Angle (whoſe fine is re 
quired) from 180 deg. the fine of the Remainder, 
the fine of the Angle required, as in the Example aboyg 
where the fine of 128.14 is required, e 1281 
from 180, the Remainder 514 46m ſought in the Table. 
fines, the fine anſwering to it is 9.89514 which is a 
the fine of 128.14 which was required; the Reaſon « 
which is evident ftom the Diagram at the Beginning 
this Book, in which if you account 128d 14m from 
upon the Arch k 90 &, it will reach to the Point x, ar 
the Perpendicular xz is equal to a Perpendicular |; 
fall from 51d 46m, as you may. obſerve by the Degre 
numbred from & upwards towards 90, the ſame Degre 
and Minute which anſwers to 128 14 if numberd fro 
, anſwers to 51 46 if numbred from S. exc. 
And thus much for plain Sailing in a Current; mi 
ny more * might be invented from other Dat 
but I would ſtudy Brevity, that the Book may not 
too chargeable to the Buyer, ſuppoſing. that by a rig 
Underſtanding of theſe Rules the Ingenious will þ 
able to EE and anſwer any other Caſe or Queſtiat 
in that Kind; and as for Traverſe Sailing in a Current 
although I thought to have placed it in a Section = 
Chapter by it ſelf, yet I find it altogether needleſs; ſi 
the Genres being firſt all reduced to one, by the Rule 
laid down in Traverſe Sailing, the Operation for allo 
ing for known Currents, or finding the Courſe and Mo 
tion of unknown Currents, is the very ſame with th 


Rules here laid down. 
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OF 


URNING 


To Windward in a 


CURRENT: 


= HIS may alſo be divided into ſeveral 
Caſes, of which I ſhall ſpeak in order; 
but that which is chiefly uſeful is 
where the Courſe and Motion of the 
Current is given, with the Courſe and 
Diſtance between the Place ſail'd from, 
a and the Place bound for, and from 
a Toi the Wind blows, and how near the Wind 
he Ship will make her Way good (for theſe four 
Ihings are commonly given or known) to find how 
ong ſhe muſt lye upon each Tack to gain her Port, 
uppoſing her Rate of running or Miles ſail'd in an 
our by the Log, be alſo given or known. 
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lar dc, then draw the Line 4 C to make an 4 of 7 


- s 


$0 Oueſtions concerning Currents, 


Example, Queſtion the Firſl: 


There are two Iſlands 4 and B, A is diſtant from] 
go Leagues due North: a Current ſets from  t,. 
wards B ſouth 2 Niles an Hour, a Ship at 4 intending 
for B meets with the Wind at South, gets her Starboard 
Tacks aboard, and makes her Way good within 91 
Degrees of the Wind, and ſails four Miles an Hour by 
the Log, I demand how long ſhe muſt lye upon each 
Tack to gain her Port, and what Courſe ſhe maker 
good. 


| Geometrical Conflruflion, 
Draw 4 Brepreſenting the Bearing and Di: 


Fig. 72. ſtanoe of the 2 Iſlands, via. N. go Leagues, up- 
on the middle of which erect the Perpendicu- 


Degrees, with the Line AB, and continue the Line 40 
till it cut the Perpendicular dc in c, and draw the Line 
c B, ſo ſhall the Iſoſceles Triangle 4 Be repreſent the 
two Iſlands, and the Ship's Way to them without any Al- 
lowance for the Current, the Line Ac repreſenting the 
Ship's Way with her Starboard Tacks aboard 72 deg, 
from the Wind, and the Line c B her Way, with the Lat- 
board Tacks aboard to fetch the Iſland ; but becauſe every 
Hour while the Ship ſails four Miles by the Log, the 
Current ſets her 2 Miles to the Southward, therefore 
find how many Hours the Ship is in Sailing from 4 to 
c by the Log; in order to which you muſt find the 
fide Ac by dividing the Iſoſceles Triangle 4 B C into 
two Right angled Triangles 4d e and Bd c, then in the 
Triangle 4 De you have given the Leg 44 45 (bein! 
half the whole Line 42 which is 90) and the AngleWe !! 
d A c vad. conſequently the Angle A cd 184 to 

find the Hypotenuſe Ac by Cafe the fourth, of right 
Angled plain Triangles. 


. i 4: 


e in 
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i; fine of Ac | — 18% 0 — 9.48998 
fo fide oppoſite 4 d — 45 —— — I.6522T 


& Radius A c d- — JO =O 10. OO 
to- A0 Hypotenuſe AC I 455 ——_—_—— 6 
ny ” 1" © - 
rd | i 
i eace 4e is 1455 Leagues or 436 Miles, which divi- 
by ed by 4 the Miles ſail'd in one Hour, the Quotient 


3091s the Hours, in which the Ship fails from 4 to 
; but the Current ſetting South 2 Miles an Hour, 
ts plain that in 109 Hours it hath ſet South 218 Miles, 
jr 724 Leagues; therefore draw the South Line cg, 
ecauſe while ſhe ſail'd by the Log from 4 to C, the 
urrent hath ſet her from c tog, therefore draw theLine 


Di; which ſhall repreſent the true compound Motion 
up- f the Ship or Courſe made good; but becauſe ſhe is 
cu. Mo lye upon that Tack, but only till ſhe be got half Way 
1: Wo the Port ſail'd for, obſerve where the Line 4g 


uts the Perpendicular dc as in e, and then is the An- 
led 4e, 49d—37m the true Courſe made good by 


the MWcaſon of the Current, and the Line Ae the true Di- 
Al- ace ſail'd upon the Starboard Tack, viz. 69.3 Leagues, 
the End e B the Diſtance ſail'd upon the Lar. Tack being 
deg. Milo 69 3 Leag. But to know how far ſhe will have 


a- i'd by the Log, by that time that ſhe will be at e 
rety y the Help of the Current, draw e & parallel to g e, 


the is Parallel ſhall cut 4c and Ag proportionably by 
fore rcd. Lib. 6 prop. 2 viz. As Ag to Ae, fo Ac to Ak, 
At ence 4 k meaſured will be found to be 55.5 Leagues, 
ther 166.5 Miles ſail'd by the Log, which divided by 


bur, the Miles ſaibd by the Log in one Hour, gives 


the r Hours, the time to ſtand upon the Starboard . 
einge, and the ſame upon the Larboard, to fall in with 
noleWe land at B, &c. | 

4 to | 


_ Arithmetical Calculation. 


In the oblique Triangle 4e g, there is given the ſide 
436 Miles, and the fide cg 218 Miles, and the An- 
e included Ac g 10. 8d -o to find the Angle CA, 

. | by 
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by Caſe | the F ourth of oblique angled Plain T 


| angles, 


As Sum of the fides „ 654 Co. Ar. 7.184 cagues 
To Diff. of the ſides. 218 330" - 
So Tang. of 3 Sum of unkno. Ang. 36.0 — 9.8518,” * 


To Tang. of 3; their Difference — 13.37 — 9.3841] erent 


The half difference 13d 3 jm ſubtracted from the ba 
Sum 36,0, reſts 22d 23m the Angle C A g, which (ul age 
trated from the whole Angle d AC 52d —0m leave 
the Angle d Ae 494—3 7m the Courſe made goud, 1 

Then for the true Diſtance made good Ae: In th 
Triangle A de you have given 4445 Leagues, : 
the Angle d Ae 49d 37m, conſequently the Angle 4: 
40d — 23m to find Ae by Cale the ſecond of Rigt 
angled plain Triangles. 


| þ oth 
As Sine of Led — 404 23— 95113 Gb 
To ſide oppoſite 4d —— — 45 — 6 ph, / 


* So Radius 


90 == JO — 10,0000, 5. 


—— 


To Hypotenuſe 4 e — — 69,3 — 18007 


Then for the Diſtance ſail'd by the Log A k (whil * P 
by the Help of the Current ſhe is carried to e.) 

In the Triangle A ke, you have given Ae 69.3, ani 
you have given all the 3 Angles, viz. A Ke equal to 
Cy 108“ —om, and Ae K equal to Ag c equal to 44 
49d-—37m, and K Ae 22d—2 zm, equal to g Ac, i 
find the fide 4 K by Caſe the firſt of oblique angle 
plain Triangles. 


As fine of A ke mas 10840 Co. Ar. o. oꝛiy 
To fide oppoſite Ae 69 3 — — 1.84071 
So ſine of Ae h — 49.37 — — 9.88180 


To fide oppoſite Ak — 55.5 — — 1.74430 
Th 


* 


— 
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The fide A k, the diſtance ſail'd by the Log, is 55.5 
oues, or 166.5 Miles, which divided by 4, the 
les ſail'd in one Hour by the Log, the Quotient 
bis the Hours that ſhe muſt lye upon the Starboard 
ick, in which Time ſhe is carried by the Help of the 
rent from A to e, and then lying the ſame Time 
on the larboard Tack, ſhe will arrive at B, the de- 

d Port; ſo that in 83 Hours, ſhe performs the 

urge of go Leagues, although upon a Wind by the 
ip of the Current, which, had there been no Cur- 

it, would have required 218 Hours, or 9 Days, 

12 Hours. 


5 


Queſtion the Second. 


There are 2 Iſlands diſtant 400 Miles N. and S. from 

other, ſuppoſe A and B, A being the Northermoſt + 
ſhip at A intending for B, meets with the Wind at 

wth, ſbe gets her ſtarboard Tacks aboard, and makes her 

ly good through the Water, within 72 Degrees of the 

ind, a Current at the ſame Time ſetting South 24 Miles a 
Y ſo: flood 4 Days upon each Tack, and then arrived at 
fort at B: I demand my Courſe and Diſtance made 

Wd upon each Tack, | 


Fig 73. 
Geometrical Conſtrution. 


Draw the Line 4 B 400, and at an Angle of 72 Des 
res, draw Ad and BD to cut each other in D, and 
m that Interſection let fall the Perpendicular D C, 
dich will fall upon the Middle of the Line 4 B, then 
the Projection finiſhed without Allowance for the 
rrent; but becauſe in that 4 Days that ſhe had her 
board Tacks aboard, the Current had ſet her 96 
les, ſet off 96 from C toe and h, and draw h R and 
parallel to CD, and where theſe Parallels cut the 
es AD and B D, as at g and &, draw the Line g K. 
eut the Perpendicular CD in m, and then to the 
f 2 Inter- 
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Interſection at m, draw the Lines Am and B m, fe 
theſe Lines ſhall repreſent the true compound Motio 
of the Ship, or Courſe and Diſtance made good, u 
The Angle CA m 57d 49m is the Courſe made go 
from the Meridian, and the Line Am equal to m 3; 
the true Diſtance ſail'd upon each Tack, viz. 3): 


Arithmetical Calculation. 


In the Triangle Ae g . angled at e, you haf und 
iven the Leg Ae 104, and the Angle e Ag 5:24. con 
Lquently the Angle Ag e 18d. to find the Hypoteny 


nires | 


Ag. ting 
. ther 
As fine of Age | 184 0 m9. 48 ad- 
To fide oppoſite 4 e —— —— 104 — 2.01 ef! 
So Radius — 90.0 10.0000 urſe 
| | ;ptai! 
To Hypotenuſe A g. — 536.5 2.527008; a0 
em t. 
Then in the oblique Triangle 4 gm, you have gie on t 
the fide 4g 336. 5 and the fide g m 96, becauſe equi Bu 
to Ce, and the Angle included 4g m 108d om to fue; 
the fide 4 m. So Do! 
| | hg d ho 
As Sum of. the fides M9 4.3 2. 5=— 640 d ho 
To difference of the ſides 240.5 — 2.3811 o 
So Tang: 4 ſum of unkn. Angles — 36.0 —— 9.861 
To Tang. 2 their difference 22.0 9.6063 : 
ra 


Hence the Angle g Amis 14d m, which ſubtrafte 
from the whole Angle y2, leaves the Courſe mad 
good, C Am 58d—0m. Then for the Diſtance mad 


good. 


As fine of G A m —— = — 14 dom 


To fide oppofite g Wx 96 
Bene of X's = 


Co. Ar 
O. 6163 
1.9822 
— — — 108 —0 2.9 785 _ 
To ſide oppoſite A M — — n hich 


— — 
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The Diſtance made good upon each Tack is 377-4 
es; the Diſtance ſail'd by the Log upon each Tack 


4g and B k 336.5, the Courſe made good 58d. om 
om the Meridian. : 


Queſtion the Sixth, ' 


a Maiter of a Ship having taken a Freight from an 
ind at A, to another Iſland at B, and having his 
confi" aboard along with him to gain Experience, he en- 

ures of his Father, whether there was not a Current 
ting upon ſome Point between the two Iſlands ; his 
ther refufing to tell him, bid him obſerye well the 
ad-Reckoning Outward- bound, and allo Home, and 
e if he could not, by comparing them, find the true 
urſe and Motion of the Current: Whereypon the 
;ptain, who knew very well what Way the Current 
and how the {lands bore upon each other, cauſed 
em to ſteer away South, and in Running 270 Miles 
jon that Courſe, they arrived at B, and having done 
5 Bufineſs there, they ſteered North-Weſt, and Run- 
ng 380 Miles upon that Courſe, they arrived at 4. 
ow I demand, How the Iſlands bear from each other, 
d how far diſtant ; alſo which way the Current ſets, 
640889 how faſt, ſuppoſing the Ship ſail'd always at the 
zauhre of five Miles an Hour by the Log? 


Geometrical Conſtruction. 


Draw the North and South Line 4 C270 

les, the firſt Courſe and Diſtance; Fg. 74. 
en becauſe her Courſe home was N. W. | 

4, draw the Line AQ at an Angle of 45 deg. from 
C (becauſe if D A be North Weſt, 4 D muſt be 
uth-Exſt, and conſequently make an Angle of 45 
616;F:orees with the Line A C) and ſet off 380 from 
to D, and draw the Line CD which repreſents 
e Motion of the Current during the Ship's Sailing 
m 4to C and from D to A; for the finding of 
hich you have given the fide 4C 270, and the ſide 
D380, and the contain'd Angle 45 deg. to find the 

F 


f3 Angle 
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Angle A C D by Cafe the fourth, of Oblique Plai 


„ 


Triangles. 
As Sum of the fides — 


650. Co. Ar. 5.18 


To Difference of the fides 1186. 2.0413 of v 
So Tang. of ; Sum of unkn.Ang.67.30 - 10.38.” 


To Tang. of ; their difference 22.13 ——— 9.6112 


he half Sum added de the M Dilvence,” mat; 
the bigger Angle ACD 89.43. 


Then 1 the ſide CD 
| Co. Ar 
As fine of 4CD — 89.43 — 0.00001 


To fide oppoſite 4 D —— 380 2.57998 
So fine of CAD — 45.0 — 9,494 


—— — RR 


To fide oppoſite C D =— — 268.7.—— 2.4222 


The fide C D 268.7 Miles is the Current's Race du- 
ing the whole Voyage : Now to find the Bearing and 
Diſtance of the Iſlands, we ſee that in the whole Voy. 
age, out and home the Ship runs 650 Miles, which 
at 5 Miles an Hour, requires 130 Hours, in which A 
time the Current ſets 268.9 Miles, but her Voyage, 7, 
outward being but 270 Miles, which at 5 Miles 65 
an Hour requires but 54 Hours, therefore ſay by the 
Rule of Three, it in 130 Hours the Current ſets 268.) 70 

Miles, how far will it ſet in 54 Hours? 


N 

54 71 | : 1 
ee , #439 9. 14 | f 

10748 4333 | O (1191! Sid Fa 
15435 11 for 

3 fou 

14509. 8 the 

der 


The Current's Race while the Ship ſails by the Log 


from A to is 11015 almoſt, but for Eaſe of working 


Log 
king 
we 
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we will call it 110.8, which ſet upon the Line c D from 
(to B, and draw A B which repreſents the true Courſe 
ind Diſtance between the two Iflands, for the finding 
of which by Calculation, you have given, in the Tri- 
ingle 4 B C, the fide 4 C 270, and the fide Cg 110.8, 
ind the contained Angle AC x 89 43, to find the An- 


gle C 4 B, by Caſe the Fourth, of Oblique plain Tri- 
ingles. | 


is Sum of ſides — 380.8 — 7.41932 
To Difference of the fides — —— 159.2 — 2.20194 


60 Tang. of 3 Sum unknown Angles 45.8 — 1. 0202 


To Tang. of 3 their Difference 22.47 —9.62328 
Hence the Angle C A is 22d 21m, the true Courſe 
fom 4 to B South Eaſterly, which is S. S. E. 9 min. 
doutherly. 


uren for the fide 4 B the true Diſtance between the 
ands. 


Co. Ar. 
ks fine of C AB — — 22.21 — 0.41992 
To fide oppoſite C B —— —— — 110.8 2.04454 
do fine of 4 CB — — — 89432 9.99999 


To ſide oppoſite AB — — 291.4 — 2.46445 


Miles. | 
The Courſe of the Current is the Angle ACD, 
found by the firſt Operation 89d. 43m from the North 
Eifterly which is Eaſt 17 Minutes Northerly, and as 
for the Rate or Motion of the Current's running, it is 
found by dividing the whole of the Current 268.7, by. 
the whole Number of Hours that the Ship was un- 
der Sail 130, the Quotient is the Miles that the 
| | f 4 Cure 


J 


Co. Ar. 


The true Diſtance between the two Iflands is 291.4 


8d Queſtions concerning Currents: 
Current ſets in one Hour, as appears by the Ope 
ration. | | 


8 87 
72000 2— 
x30.0\ 1300 
Hence in anſwer to what was demand, the Cour 
from AtoB is S. S. E. od. — gm. Southerly.— be 
Diſtance 291.4 Miles, the Courſe of the Current i 
Eaſt od. 17m. Northerly, and its Rate or Motion is 
2,52, Miles an Hours. 
Now it you would prove the Truth of the Open 
tion you may eaſily do it, by Inverting the Queſtion, 
and Stating it in the firſt Caſe of Current Sailing 
thus. N 
A Ship ſails South 5 Miles an Hour in a Current, 
that ſets Eaſt 17 min. Northerly 243% P Miles an Hour, 
I demand the Courſe and Diſtance made good, and 
you will find it will produce S. S. E. 9 min. Souther|y 
for the Courſe, and 291.4 Miles for the Diſtance ; but 
I ſhall leave the Operation for the Reader's Practice. 


5 Rd 5E. Sd 88 OE 
eee e 
99285258659 —3 8388983833885 
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Pleaſant and Uſeful 


QUESTI ONS. 


| Thought to have added other Varieties 
of Queſtions concerning Currents; but 
Mi 1 (>#4] this being but an Appendix to a ſmall 
El Treatiſe, 'I fear if I ſhould proceed, I 


SE comma? 


therefore ſhall add no more, ſuppofing that by what is 
aid down the ingenious Student may eafily Learn to 
Project and Anſwer any other neceſſary Queſtion in 
that kind : I ſhall now proceed according to m 
Promiſe, to Inſert ſome other pleaſant and uſeful 
Queſtions for the Reader's Improvement and Di- 
yerſion. 


Queſtion the Firſt. 


There is a round Sea or Lake of an unknown Diameter, 
upon which the Wind is obſerv'd to blow always one Way, 
but upon what Point of the Compaſs is unknown 3 upon the 


Coaft hereof are two Ports A and B, Diametricaliy oppoſite | 


to each other, ſo ſituate that the Trade Wind blowing there, 
will be ſome where upon the Larboard Quarter, during 
their Sailing from A to B, but how many Points abaft the 
Beam is unknown, the Courſe and Diſtance between the 
two Ports is alfo unknown, » A Sbiß at A intending 


for B, was no ſooner got out of the Harbour, but he was 


aſſaulted 


2Y ſhould exceed my intended Bounds, and 
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aſſaulted by Pyrates, who after a long Conſlif carry'd aw 
s Main-Maſt, M:zon-Maſt, Fore-Top-Maſt, aud alſo his 
Rudder, and came aboard to Plunder, taking away his Good 
his Books, Inſtruments, Charts, Compaſſes, &c. being let u fore 
his Diſtreſs he ſets his Fore-Sail, and having no Rudder ny the | 

more Sail to command her with, he let her drive Right be. ſelf. 
fore the Wind, t ill at laſt 2 drove 4K Shore in a little Creehe 
altogether unknown by the Maſter, nor did be know the Couſ: 
or Diſtance from this Creek, either to the Port ſail d from, or 
to the Port bound for: However here he got ſuch Maſt; and 
Sails as he had Occafion for, with a Rudder, and all tha 
Das NeceſJary to the working of the Ship, but could yet 
wo Books, Charts, Inſtruments, or Compaſſes : I demand 


whes Means he neſt uſe ro guide himſelf co the Port a; 
. | | 


Anſwer. 


Although at firſt fight this Queſtion ſeems impoſ- 


ible to be anſwer'd from what is given, yet with a I 
little Conſideration it is very eaſy ; the Solution of it ſen! 
is grounded altogether upon the Thirty firſt Pro. is; 
poſition of the Third Book of Euclid, where it is WM Cir 
prov'd, that an Angle in a Semicircle is a Right Ar- Po: 
gle, c. Now the two Ports A and B being propos'd ll Dil 


poſite to each other, or in a Semicircle, it wil I in 
neceſſarily follow that to what Place ſoever the Ship Ml 3: 
was blown from 4, right before the Wind, and put me 
a Shore, the fame Wind upon the Beam would carry X. 
her to the Port at B, as appears by the Figure an- th 
nexed. of 


The Angles Ac and A D and A EPL If 4 
Fig. 75. are all right Angles by the Propoſition T 
above named; and therefore if from A Ml 5: 
the Ship is blown before the Wind to C, 'tis plain that 
the ſame Wind continuing, (as is here ſuppoſed) the I 
Wind muſt needs be upon the Beam from C to Þ, 
becauſe {CB is a juſt Square, or right Angle. 
Or, Suppoſe the Wind blow from 4to D and A 
the Ship driven before the Wind is blown aſhore Ie. 
#\ 
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at D, it is plain that (the Angle 4 D B being a right 
Angle) the ſame Wind muſt — upon the Beam from 
D to B and for the ſame Reaſon, if blown be- 
fore the Wind from A to E, the Wind will beupon 
the Beam from E to B: See the Demonſtration in the Book 


2 


Queſtion the Second. 


There is a round Lake, whoſe Diameter is 360 Miles, 
fon the Coaſt of which lye 2 Ports, A and B, whoſe neareſt 
Diſtance in a ſiraight Line is 120 Miles, but their Pearing 
o Situation is not known: A Ship at A ſails aws 
Welt « certain Diftance, and then arrives at another un- 
known Port at C whoſe Bearing and Diſtance beth from A 
ard B are unknown, and at the Port at Che takes in Goods 
for B, I demand what Courſe he muſt ſleer to find the Port 


a B. | 


Firft, Draw the Circle K L MN to repre- 
ſent the Lake whoſe Diameter KM or LN Fig. 76. 
is 360 Miles, then aſſume any Point in the 
Circumference of the Circle, as at 4 to repreſent the 
Port at A; then with 120 in your Compaſſes, the 
Diſtance of the Ports in a ſtreight I ine, and one Foot 
in 4, the other will reach to B, biſſect the Arch A 
B at N, and thro' N and the Center o, draw the Dia- 
meter No K, and at right Angles to it the Diameter 
KM, and draw the Line A B, then is the Line 49 B 
the Chord of the Arch ANB and B q is the Sine 
of B N to Radius Ko 180. Therefore, | 


— nn = LB Omnnnnnnnn2e 25527 
To Radius — — 90 OO — 10.000C0 
80 B 4 equal to 4 5 4 4) — 60 — 1.77815 
To Sine of the Angle B o q 19,28 ——=9.52288 


The Angle Bo q 19.28 doubled is 38.56, the whole 
Angle Bo A (becauſe the Angles Boqand go A are 


equal): Now ſuppoſe a Ship at 4 fails IV to an un- 
; . | known 
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known Part at L, I have already proved the Angle 4 
OB to be 38.56, and therefore the Angle 4L Big 19, 
28, becauſe an Angle at the Center of a Circle is double 
to an Angle at the Circumference, by Euclid. Lib. 3. 
prop. 203 and therefore if from 4 to L be Weſt, itis plain 
that from L to B is Eaft 19 Deg. 28 Min. Northerly 
and that is his Courſe from L to B. f 

Or for Variety, if you ſuppoſe the Port at S to be 
the Port 1ail'd to, and that from A to S is Wi, then 
from Sto B will be Weſt 19 Deg. 28 M. North as be. 
fore, for the Angles AL Band A SB are equal, 2813 
ſufficiently demonſtrated in Euclid's Elements in the 
forementioned Propofition. 


Queſtion the Third, 0 


Fhiet of Ships with four Men-of-War, with Mind at 
W. by S. ſalls away 8. E. 3 Miles an Hour, till Hearing if 
ſime Pyrates to the Northward from them, the Commadi;e ks 
ſends out a Man-of-War a Cruifing , who ſails due North To 
7 Miles an Hour, for the Space of 11 Hours, and finding Will 
the Pyrate, he (after. an Howrs Con fliſi) took him, the | 
Fleet all the while Sailing S. E. 3 Miles an Hour. Nou T 
demand what Conrſe the Man- fur and the Pyrate 
muſt fteer, that they may juſt fall in with the Fleet, without 
Altering their Conrſe, ſukpoſe they fail J Males an 
Hour. 


Geometrical Conſi ru tion 


Firſt draw the North and South Line CA continued 
to P, then from A (the Place where the Fleet was 
when they heard of the Pyrates) ſet off the S. E. Line; 
A E ; then becauſe the Cruiſing Man- of- War fail'd 7 
Miles an Hour North, for 11 Hours, viz. 7) Miles: 
Set off 57 Miles from 4 to B alſo, becauſe the Com- 
madore faiPd 3 Miles an Hour the 11 Hours that the 
Man- of- War was in Chaſe, and the one Hour that he 
was engaged, in all 12 Hours, which at 3 Miles an 
Hour is 36 Miles S. E. which ſet from A to D, then 


is the Commadore at D, and the Cruiſer at B, 1 
4 t e 
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de Cruiſer ſets ſail after the Commadore: Now be- 


le 4 auſe the Line A E is South Eaft, or 45 Deg. the Angle 
5 19.5340 is 135 Deg. the Side 4B is 7), and the Side 4 
uble 036, to find the other Angles by Caſe the Fourth of 
„ 3- Miblique plain Triangles. 
lain | | / 
rl, Co. Ar. 


— 


i; Sum of Sides 113 — 7.94693 
o be To Diff. of Sides 41 1.61278 


hen & Tang, 3 Sum unknown Angle — 22.30 — 9.61722 


a6 1g To Tang. 2 Difference 8.33—9,17693 
Hence the Angle 4 BD is 13.57, and the a 

Angle A D B 18 31.3, to find the Side BD Fig. 75. 

by Caſe the Second of oblique plain Tran- | 

gles. 


of *  - Ga. as 

„s. 4DB — —z.;-0..74 
ih Bl To Side 4 5 — — 77 — 88649 
" $03.4 AD — — 135.0 — 9.84948 


To Side BD | 105.5 2.0235L 


5 Alſo the Angle A D B being 31.3, the Angle B DE 
n nuſtbe 148.57, and although the Sides B Eand DE 
be not given, yet their Proportion te each other is gi- 
ven, viz. As 7 to 3, ſo DEto AE, therefore, | 


Co. Ar. 
1— 9.15491 


——— 


d As Side B E— 


o sine of Angle ppoſite & D ＋ — 148.579. 71247 
: do Side D E — 3— CoA] IS 
; 


To Angle oppoſite DB E=— —— 12.46 — 9.34450 


The Angle B D E being 148 57, and DP E 12.46, 
DE B muſt conſequently be 13.1), then you have gi- 
ven the Angles B ED and B DE, and the Side BD 

| | to 


— 
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to find the Side B E, the Diſtance ſall'd by the Cri 
ſer before he met with the Fleet. b 


As Sine of DEB — 7,17 —— 0.5024} 
To Side oppofite BD —— 105.5 2.023510 
So Sine of B DE — 148.57 — 9.724% 
8 | 1 


To ſide oppoſite BE — — 173.6 — 2.23946 


4 


The whole Angle AB E 26.43 i sthe Courſe fron 
the South Eaſtward, or S. 8 E. 4d. 13m. Eaſterly the! 
Cruiſer muſt ſail to fall in with the Fleet, and his Dit 
ſtance 173.6 Miles before he comes in with then 
which at ) Miles an Hour, would require almoſt 2 
Hours, in which Time he will fall in with the Fleet 


Queſtion the Fourth. [ 
TY Two Ships ſail from one Point between the South] 
3 and Weſt; the weſtermoſt Ships Departure was 4 
Leagues more than the Eaftermoſt, and the Eaftermoſt 
Ships Difference ot Latitude was 30 Leagues most 
than the Weſtermoſt. Their Diſtance was equal? 
namely 115 Leagues, I demand both their Courſes, 
Differences of Latitude and Departure, according to 
plain Sailing, | 1 


Geometrical Conſtruction. 


Draw the North and South Line GC, and perpendis; 
| | cular thereto the Line DH to cut G Cat Right Angle 
_... in E (both drawn of Length at Pleaſure) from the In- 
E terſectiom at E, upon the Line D H ſet the Difference 

of the Departure 47 from E to D (towards the left? 

hand, becauſe the Ship's ſail in the South-weſt Quar- 
ter) and the Difference of their Latitudes made good, 
viz. 30 from E to C, ſo ſhail D repreſent the weſter- 
moſt Ship, and C the place of the ſouthebmefh Take 
the Diſtance 115 Leagues in your Compaſſes, and ſet. 

| | ting | 


— 


23 > k 
„ 
= 4 " 


oi 


CE EIT On — —— SS. 
5 * , as TIO TR. * 
IS © 
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one Footin D make the Arch at 4, and with the 
e Extent; and one Foot in C croſs the ſame Arch in 
then is A the place the Ship ſail'd from. Draw 
Line A B parallel to GC to cut DH in , and 
C draw CB parallel to DH: Alſo draw the Per- 
ticular 4 I® to divide the Iſoſceles Triangle 4D 


to two right angled Triangles 4 LC and AL D, 
| then is the Diagram finiſh'd. | 


Arithmetical Calculation, | 
the Triangle D EC is given 


e Difference of Departure DEB. — 47. 
je Difference ot the Latitudes x C— 30. 


e 7. 
And firſt for the Angles by Caſe 6. 


DE 
is cas ads - 


EC 


— 30 — 1.47712 


For the Hypotenuſe DC by Caſe 3. 


Sine of the Angle E Dc —— 32d. 3 3m. — 9.73081 
Side EC = 30 — 
Radius. — ͤ w 0.0000 


the Hypotenuſe 20— 


he Iſoſceles Triangle D AC being divided into 


the Side LC (half of D C) 27.9, and the Hi pote- 
le 40113, to find the Angle 4 C L by Caſe 4. 


— 


find the Angles by Caſe 6, and the Hypotenuſe by: 


47 —— 1.67209 
I0.00( ooo 


the Tang. of the Angle CDE 32.33 — 9.80563 ; 
147712 
55.8 — 1.74631 


go right Angled Triangles by the Perpendicular,” 
E there is given in the right Angled Triangle 4 L 


A 


3s — Pleaſam and Uſeful Ouiſtioni 


As 4c —— 115 = = 20606; 43 
r nn ne em 0,0000 The 
ͤ%———5v.ůĩ — 1.0505. 


— 


To the Sine of the Angle L 4 C — 144 3 -- 9.3849 


The Angle L A C 144. 3m Subtracted from 90, leave, 
the Angle LC E75 57. | 

The Angle C D E is 32d. 33m. which Subtracted from 
90, leaves the Angle DCE 5794. 2 jm. 


t 
From the whole Angle DCA (L CA) 15d. 57m, 35 
SubtraR the Angle D C B. 57 27 zum 
Reſt the Angle ECK ————— — 18 30 


The Angle E CR, is equal to the Angle c 4B; be- 
cauſe 4B and E C are Parallel Eucl. Lib. 1 Prop 29: 
Therefore in the Triangle 4 B Cis given AC 115, and 
BC the Departure of the Southermoſt Ship, by the Ml «... 
firſt Caſe of; Plain Sailing. | 


As Radius — | Ic. ooooo 
To the Diſtance — —115— 2.06069 
So Sine Comp. Courſe — 71d. 3m. — 9.97695 


To Diff. Latitude : 


2.03764 
| For the Departure B C. 
I 1x.ss Radius 


3 — Io. oeooo 
To the Diſtance — 2.06069 
So Sine of the Courſe —— — 184 30m. — 9.50147 

| — 


To the Departure BC — 361 — 1.56216 


The firſt Ship's Courſe is South 184. 30m. Weſt 
To which add the whole Angle D AC — 28 6 


2 — 


The 
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The Sum is the ſecond Ships Courſe DE, which 
js South 46 36 Welt. | | 
The firſt Ships Diff. Latt. is 4B — 109, 
rom which ſubtract the Exceſs HB | 

equal to E c — —— _ 


Reſt the ſecond Ships Diff. Latt. 4 H — 79. 


* 1 


The firſt Ships Departure is 0 B equal 
to EH ——— — — 362. 


To which add D E the Exceſs 


— 


bum is the ſecond Ships Depar. DH — 833. 


Difference of Latitude ——199. 
Departure - 


| Courſe South 46d. 36m. Weſt. 
decond Ships Sa of Latitude — 79. 
Departure | 


| Courſe South 18d. 30m. Weſt, 
firſt Ships 5 


— —8 32. 


Queſtion the Fifth. 


The Diſtance and Difference of Latitude in one Sum 
given and the Departure alſo given to find the Courſe 
nd alſo the Difference of Latitude and Diſtance Seve- 
ally. | | 

Example. 


Let the Diſtance and Difference of Latitude toge- 
ther be 140 and the Departure 79 to form the Trian- 
gie and find as above. 


Geometrical Conſtruction. 


Draw the Right Line 40 140 equal to 
the Sum of the Diſtance and Difference of Fig. 
Latitude and at the end thereof c draw e 
% Perpendicular to a c, upon which Set off the De- 
| G g parture 
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parture 79 from a to c, and draw ad, which divide 
in two equal wi in g, and from g, ere& the 
Perpendicular g b to cut @ c ſome where in b, and 
from b, draw bd, and then is the Diagrem finiſh'd, 
and bc is the Difference of Latitude; bd the Diſt- 
ance and c « the Departure. 


Demonſtration, 


For the Triangle, a g b and d yg b are alike and 
equal (Eucl. Lib, 1 Prop. 24) becauſe ag is equal to g 
d by Conſtruction and g is Common to both Trian- 
gles, hence d bis equal to a b and the angle g a b equal 
to that gd b but the Angle 4 be is equal to both g 
a band g 4 (Eucl. Lib. 1 Prop. 32) therefore d a c (x 
a b is Juſt half the Angle of the Courſe from the Meri- 
dian and from hence we may form this Univerſal pro- 
Portion for the Solution of Queſtions of this Da- 
ta. 

As Diſtance and Difference of Latitude in one Sum: 
To Radius:: $5 Departure: To the Tangent of half 
the Courſe which Angle Doubled is the Courſe re- 
quired, and the reſt is found by Caſe the third of plain 
Sailing. | 


Example. 
As Diſtance an d Diff. Lat. together — 140 — 2.14612 
To Radius — o. ooo o 
So Departure — 79 1.89762 
—— — 
. — 96 9.75150 


which doubled is ——— 58 52 the Courſe re- 


quired. 


3 


. Then, 


As fine of the Courſe * 58 52 — 9.93245 
To Departure — 79 —— 1.89762 
So Radius Xx . 0.00000 


To the Diſtance — — 92.3 — 1.96517 
5 : h 5 | And, 


Pleaſant and Uſeful Queſtions, 7 


And, 


As Radius — — co 
To the Diſtance — 7 — 0 
80 Sine Comp. Courſe — — 31. 8 e 9.71351 


— — —O_— 


— 47.7 — — 1.67868 


The truth hereof may be further proved by adding 
the Difference of Latitude —— —— 47. 7 

To the Diſtance —— 
N= rn nr 


al The Sum 11A — 140 0 


10 Diff. Latitude 


e ee eee , 3 


S MW xrecing with what was firſt given and proving the 
8 — to be right. . 


ls 
o- Queſtion the Sixth. 
LE 


Diſtance and Difference of Latitude in one Sum gi- 

\: een with the Courſe alſo given to conſtruct the Dia- 

1f gem, and find each ſeverally. 5 
55 Wo refer in this to the Figure of the laſt 

in Reſon, it being the ſame when finiſhed. Eg. 99. 
et be given as before, viz. Diſtance and 

Difference of Latitude in one Sum 140, and the 

Courſe South 58d. 52m. Welt to find the reſt. 


580 Geometrical C onſtruction. 

co 

62 Draw ac 149, and at e erect the perpendicular c d 
— n Pleaſure, and at an Angle of 29d. 26m. (viz. half 
59 dee given Angle, 58d. 52m.) with ac draw ad to cut 


re- e in d, and to make at à the © abovementioned 
Angle of 29d. 26m. divide ad in two equal Parts 
ns, and draw gb perpendicular to @ d, and to 
cut a c in b draw bd, and then is the Scheme finiſhed, 
ad the Demonſtration the ſame as in Queſtion the Fifth, 


162 Arithmetical Calculation, 


— The Angle c bd is 58d. 52m; therefore c db is 31d. 
517 bn, to which add b d g (equal to h ag) 29d. 26m. the 
„, bum 604, 34m. is the whole Angle ade, therefore 
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100 


FE 5 Co. Ar. 
As fine of a de . — Cod. 34m. . 


To fide oppoſite ——— 14 — — 2.14612 
So fine of d ac 29 26 — — 9.69144 
| * 8 ——— —ꝓͤ6 


To Departure cd —— —_ 7) a — 1.89758 


The Diſtance and Difference of Latitude is found 26 
in Queſtion the Fifth, and need not be here repeated. 


Queſtion the Seventh, 


+ Given all the three fides, viz. Diſtance, Difference 
of Latitude and Departure in one Sum the Courſe 
alſo given to form the Scheme, and find each leverally, 

Suppole the three ſides in one Sum be 157, and the 
Courſe South 32d. Welt, 


Geomet;ical Cenſtruttion. 


Draw the Line a bed 157, and from « 
draw ae, to make with a 4 an Angle of 16 
Degrees (equal to half the given Courſe) 
alſo from d draw de to make with a d an Angle of 45 
(always) at d and continue d e, till it cut ae in e. From 
e let fall the perpendicular e c upon the Line a d, di- 
vide ae into two equal Parts in g, and from g draw gb 
perpendicular to a e, and to cut a d any where, as in h. 
and draw b e, and the Diagrem is finiſhed. 


Fig. 80. 


Demon ſiration. 


The Triangles agb and eg h are ſimilar (Eucl. Li. 
I Prop. 24.) becauſe eg is equal tog à by Conſtruction, 
and yg bis common to both Triangles, and the Angle 
egb and agb are right; therefore gab is equal to 
geb, but both theſe Angles together, is equal to the 
Angle eh c ( Euclid. Lib. 1. Prop. $2.) and ſince the Angle 
ead (gab) is half the given Courſe by Conſtruction; 


eb eis the true Courſe, and conſequently eb equal N 
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a the true diſtance, and becauſe cd is the Remainder 
of the whole Line that includes all the three; the 
Departure muſt be equal to it, and therefore the Line 
eis drawn at an Angle of 45 with da (dc) becauſe. 
cis to be equal to cd, and then is ab proved equal 
tobe, and b c js the difference of Latitude in the ug 
tion: Alſo ec is equal to cd, becauſe their oppoſite 
Angles are equal: Therefore the three Sides of the 
Triangles b c eis equal to the whole Line ad, and the 
Angle ebe is equal to the given Courſe 32 Degrees, 
which was to be demonſtrated, : 


Arit hmetical Calculation. 


We may obſerve, that the Angle geb equal to gab 
half the Courſe, and bec is the Complement of the 
Courſe, and c edis an Angle of 45 Degrees, and theſe 
three include the whole Angle àe d in the Triangle 
4e d, from whence we may deduce this general Pro- 
ortion, for all Queſtions of this Data. 

Add half the Courſe, the Complemeat of the Courſe, 
and 45 Degrees together, and ſay, 

As the Sine of thoſe three Sums, to the Sum of the 
three Sides; ſo the Sine of half the Courſe, to 2 
fourth Term, And as Radius, to that fourth Term, 
ſo Sine of 45 to the Departure. 

The Courſe being given, and Departure thus found, 
the reſt may be obtain'd by the common Caſes of plain 
dalling, | | , 


Example in the þreſent Queſ” ion. 


| d. m. 
Half the Courſe geb equal to ga b ——— 16 0, 
Complement of the Courſe hee — 58 0. 


Angle c ed equal to e de 


— b. 


(> a: 


dum is the whole Angle ae d=——_ —— 119: 0. 


Gg 3 Then, 
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Then, 


Co. Ar. 
0.05818 
— 2.19590 
160 — 9.44033 


As fine of ae d ——— —— 119d. om. 
To fide oppofite 4 —— 157 
S# fine ot the Angle a 


To fide oppoſite e d 


ö —— — 


den 


Then in the Triangle ec d. 


As Radius 
To e d 
So ſine of edc 


49.5 — 1.69441 
— —— 45.9 —— 9.8498 


EST — — 


——— 


To Departure c — — — 35 — 1.54389 


In the Triangle ehc is given the Courſe e bc zd 
om. and the Departure ec 35, to find the Diſtanceſ 
be. | | 


As fine of the Courſe 32d. om. 9.72421 
To Departure — —n 35 — — 1.54389 | 
So Radius — ———— — 10.0c0c0 


— 66 — 


To the Diſtance b e 
For Difference of FP IN 


* 


As Radius — — [0,-00} 
To the Diſtance 66 —— 1.81968 
So fine Comp. Courfe — — — — — 58d. om. 9.9284: | 

— — 


To Diff. Latitude —— — — — 55 — — 1.74819] 


Diſtance xX 66 
Diff. Lat. — 56 


Departure — — — 35 


Sum. 15) as was firſt giren. 
| | From 


Pleaſant and uſeful Queſtions 103 


From what hath been ſaid, we may deduce a gene- 
xl Rule for ſolving all Queſtions, whether in Rigat= 


ngled, or oblique Triangles, where the three fides in 


Ar, e Sum is given, and the Angles alſo are given, viz. 
818 Draw a Line of length equal to the three ſides in one 
590 Wim, and from one End thereof, draw a Line to make 


yith the former, an Angle equal to half of any of the 
jren Angles ; alſo from the other End, draw a Line to 
make with the firſt an Angle equal to half another of 
the given Angles: Continue theſe Lines till they in- 
erlect each other, then from the middle of each, draw 
perpendicular to cut the firſt Line, then Lines drawn 
tom the Interſection of the Perpendiculars to the firſt 
ine to the Interſection of the two Lines, drawn from the 
fad of the firſt, fhall form the Triangle required, 
bether Right-angled or Oblique. | 


Example, 
Queſtion the Eight h. 


There is an oblique Triangle, whoſe three ſides in 
1:1 UW one Sum is 120, and the three Angles are 40, 60, and 
89 Jo, the fides are required ſeperately, 


Geometrical Conſtrudtion. 


Draw the Line a d 120, the Sum of the 
fides, and from a draw a f, to make with Fg. 81. 
ad an Angle of 30 Degrees, viz. half the 
Angle 60, and from d draw d f, to make with d a an 
Angle of 40 Degrees, viz. half the Angle 80 continue 
dj, till it cut af inf; divide fe and fa equally ine 
and g, and draw the Perpendicularsec, and gb to cut 
ad in b, and c from b draw bf, and from c draw cf, 
then is b c f the Triangle required, | | 


Demonſtration, 


For fc b is double to fdc, becauſe equal to c fe 
and c de. together, (Euclid. Lib. x. Prop. 32.) and c fe 
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is equal to cd e, becauſe their oppoſite ſides are equal 
but Fd c is 40 Degrees by Conſtruction, therefore fel 


is do Degrees. By the {ſame Rule Fb e is 60 Degree ö fi 

becauſe fa b is 30 by Conſtruction; therefore b fei To! 

40 (Euclid, Lib. 1. Prop. 32.) and becauſe à b is equa 50 fi 
to b 5, and c d equal to cf; therefore be, . and ft 

taken together, will be equal the Line à d; and fei To 

the Triangle required, 

Arithmetical Calculation. As | 

To 

Hence as the fine of one Angle, added to half th 80 
other two, to the Sum of the three fides 3 ſo half one 

of the other Angles to a fourth Term: Then as the To 


Supplement of the other Angle to 180, to that fourth 


Term, fo fine of half the ſaid Angle, to the fide next 
to it. 


Example. 


The Angle a fb is half Fh e, becauſe fab is halt 
Fb by Conſtruction; and a fb is equal to fab, be- 
Cauſe their oppoſite ſides are equal, and for the ſame 
Reaſon c fd is half eb; but af b with'b fe ande fd 
make the whole Angle a f d; then as fine of a fd te 
fide a d (the three ſides in one Sum) ſo fine of / a d zo, 
(becauſe half of /b c by Conſtruction) to the ſide fd; 
then as fine of fc 4 (the Supplement of Fe to 180) 
to fd, ſo fine of f dc 40 Deg. to the fide f c, which be- 
ing found, the reſt are alſo eaſily found. 


| Operation, 


Co. Ar. 
As fine of a fd - =— I 10d. m. 0.0270 
To fide ad 120 — 2.07918 
So line of fa 4 — — T 30.0 — 9.69897 


: 8 
Tro ſide fd —— — =— 63.3 —— —— 1.8516 


As 


Pleaſant and Uſeful Queſtions Tos 


1 
Is fine of fe d loo d. om. — 0.00664. 
To fide f d —— — 63.8 -- — — 1.80516 
80 ſine of fde — 40.0 — — — 9.80806 


— p ũ — 


— — — — —ö—6 . — 


To fide fc = — — —— — 41. 7— —1. 61986 


Co. Ar. 
As fine of 6e 60d. om. — 0.6247 
To fide fc — —— 41.7 — — — 1.61986 
do fine of fob —— — 80.0 == =— — 9.99335 


— 


To fide fb — — 47.4 — 1.67568 
Co. Ar. 


As fine of fb c —— — 604d. om. 0.06247 


To be fe — — 41.7 ——=— 1.61986 
do fine 4.9.0 = — 808 s 


half | 


— . -—_—_— 


ame BY The fide fb —— — —— — 47.4 
fd The fide fc — — — — — 41.7 
30.9 


The fide b c — — — 


5 5 2. erm. e —— p # ; 
fd; Sum nos ́ Pape ᷑ ʒ⁊᷑⁊ 


be. The Sum 120, agreeing with what was given, ſerves 
35a Proofe of the whole Work. 
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A 
New and exact Method 


For finding the Longitude in ai 
Place of the World, any Dal 
at Noon, when the Sun can by 


* 
. 


ſcen. without any: Regard to 
or Dependance upon the Deall 


Reckoning. | 


HE often attempted, but never 7 
compliſh'd Work of finding the Low 
gitude by an Obſervation is a Difficul 
ty, which hath hitherto prov'd Inli 
perable, even to the beſt Mathematy 
cians in England, and elſewhere, W 
= though ſince the late Act of Parka 
ment, many have exerted their utmoſt Induſtry fol 
the attaining of that End, ſome of whom have be 
fo far from compleating their intended Deſign, thal 
they have, on the other Hand, rarher rendred them 
ſelves and their Works ridiculous, by Publiſhing 
ſuch Improper and Improbable Methods, as a oo 
; ds Arti 


1 


For finding the Longitude: 107 


it (if he deſerves that Name) by certain fixed 
rs ch oſen for each Time of the Year, exc. © 
Whereas it is evident, that any fixed Star ſhall come 
in the Meridian of any Place, at (near) the Tame - 
ur of the Day, that the ſame Star ſhall come u 
Meridian of London, although not at the ſame 
tant of Time, but ſooner or later, 3, 4, 5, or 6 
burs, ec. according as the Place is more or leſs di- 
at Eaſt or Weſt from the Meridian of London: 
if chere be that Difference in Hours as to the time 
;Star's coming upon theſe two different Meridians, 
te is alſo the fame Difference in Hours between the 
pe of the Day or Night at London, and that under 
t Meridian ; a South Sun in both Places making 12 
Nock ; and 'tis very evident that at the ſame time 
the Day or Night, that the Star comes upon the 
ridian of London, it ſhall be the ſame time of the 
y or Night under any other Meridian, when the 
r comes upon that Meridian, excepting ſo much as 
e Sun's right Aſcenſion is increaſed in the Time of 
ie Sun's paſſing from one Meridian to the other, 
dich will cauſe the Star to come ſo much ſooner 
pon a Weſterly Meridian than upon an Eafterly's . 
t this being ſo little, being but about 4 Minutes of 
me in 24 Hours, or 360 Degrees of Longitude, and 
tt Minute of time in 90 Degrees, it is Imperceptible; 
dyet (that ſmall Allowance excepted) there is no 
ference between the Hour of any fixed Star's coming 
the Meridian of London, and the Hour of the ſame 
rs coming upon any other Meridian, becauſe the 
ns Motion makes the Hours of the Day, and the 
r muſt needs come upon the Meridian the ſame 
quantity of time after the Sun in both places. Indeed, 
we could certainly know what time of the day or night 
is at London, when the Sun or any known Star is upon 
ie Meridian of any other diſtant Place, the Longi- 
de might be eafily and exactly found; in order to 
ich let the Maſter provide a good Glaſs, which 
hy run exactly 24 Hours, or rather a good Watch, 
at hath been obſerv'd aſhore, to keep a true and 
qual Motion, this Watch ſet to the time of the oy | 
when 
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when you depart from any known Meridian, and ke 
going, will ſhew the Difference of Longitude, th 
you make whether Eaſt or Weſt; for Example, 
you'ſail Weſtwards, obſerve juſt when the Sun is u 
on the Meridian, and ſee what Hour and Minute 
is by your Watch, (which if you fail Weſtward jt wi 
be paſt 12) for thoſe Hours and Minutes which th 
Watch is paſt 12, when the Sun is upon the Meridi; 
reduced to degrees and Minutes of the Equator, alloy 
ing 15 Degrees to one Hour, and one Degree to eve 
4 Minutes of time, and 15 Minutes of Longitude 1 
one Minute of time, ſhall ſhew the true Difference 
Longitude. 5 ä 


Note, If you Sail Eaſtward, your Watch will wa 
ſomething of 12 a Clock, when the Sun is upon th 
Meridian, becauſe. then you meet the Sun, and ha 
him upon your Meridian before he comes upon th 
Meridian of London; in this Caſe obſerve how mud 
your Watch wants of 12 a Clock, and that reduc'd 
before, gives your Difference of Longitude Exfterly 
This in general is the Method that I ſhall recommend 
to the World for this End. 


But I know it will be preſently objected, that thi 
is no new Thing, nor is it Practicable at Sea; for ſome 
that have "attempted to keep ſome Account of thei 
Longitude this Way, have found themſelves in an , 
Error, not findings the Difference between the Watch“ 
and the Sun when reduc'd as above, to give the 
Difference of Longitude, which they were (for ſom . - 
Reaſons) pretty confident they hid made, and thi» 
Error they impute to the Watch, and hence have in- 
ferred, That a Watch will not go ſo truly and regu: 
larly at Sza as on Shore, by reaſon of the Salt Moiſt 
Air that impedes its Motion or makes it uncertain, 
according to the Variableneſs of the Weather, and 
thereby renders this Method for finding the Longitude 
Impracticable. 3 
5 e I do not believe at all that this Errour 
js to be imputed to the Watch if carefully kept, which 

| | Ju 
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u may eaſily do, if you provide a little Square or 
und Box about 4. or 5 Inches Broad, and have it 
d with fine Cotten, taking part of the Cotten out 
4 putting the Watch towards the Middle of the 
x upon the Cotten you leave in the Box, and put 
e el that you took out upon the Watch, and ſhut 

e Box, keeping it in ſome dry Place, as in your 
bbin, or upon ſome Shelf near your Bed: 1 Queſti- 
n not but a good Watch ſo kept would go as true at 
bz as aſhore, | 
But J ſuppoſe the Errour which hath been obferv'd, 
d which hath cauſed any to deſiſt from making 
y Attempts to find the Longitude this Way, is for 
int of a Right underſtanding of the Equation of 
me, without which it is impoſſible to keep a good 
Vatch right, or to ſuppoſe it to be ſo either at Sea 
aſhore ; for a good Watch, (or Clock) divides the 
me equally, but the Sun by Reaſon of ſome Inequa- 
ties in his Motion divides the time unequally ; ſo 
hat if the Sun and a true Watch be ſet together at 
bme times in the Year, yet the Watch will at other 
imes differ 10, 12, yea ſometimes 16 Minutes from 
he time given by the Sun, and yet no Fault in the 
Watch, and therefore it is very evident that if for 
finding the Longitude you only obſerve the time of 
the Day given by the Watch, without regarding this 
Equation, eſpecially when the Equation is great, as 15 
or 16 Minutes, you will be ſo much wrong in your 
Account of Longitude, as that 15 or 16 Minutes re- 
duc'd to the Equator amounts to, viz. about 4 Degrees 
of Longitude, which is an intolerable Errour, and 
might be prevented by allowing for the Equation of 
time. 

For further Illuſtration hereof, ſuppoſe you ſet your 
Watch with the Sun the ſixth Day of June, then the E- 
quation is nothing, being in London at the ſame time, 
and continuing there till the 23d Day of Ofob. you will 
find your Watch to be got 16 Min. behind the Sun, 
from hence (if you do not know to the contrary) you 


might by the Foregoing Rule conclude that you had 
. altered 
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altered your Lon. 4 D. Eaſterly, but if to the time give 
by the Watch, you add the Equation 16 Min. the Sy 
is = true time of the Day by the Sun, and provin 
you to be in the ſame Meridian that you were unde 
when you ſet your Watch to the Sun, the differenc 
in time and conſequently the difference of Longitud 
mike notbing at all. 
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A Table of the Equation of Time. 
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This Equation of time is cauſed by an Inequality 
(the Sun's Motion from Weſt to Eatt, according to 
ie Succeflion of Signs; for the Swifter that the Sun 
in his Annual Motion from Weſt to Eaſt, the 
wer he muſt be in his Diurnal Motion from Eaſt 
Weſt, as is plain by the Figure in the Margin. 


Suppoſe the Wheel 4 BC DE F to move 

und upon the Center G once in 23 Houts Fig. 78 

cording to the Order of the Letters A 47 

c&c. and in the ſame Quantity of time viz. 23 
burs, a Snail Creeps the contrary way, from to P; 
on although the Point 4 is come to the Place where 
was; having gone once about, yet the Snail wants 
E Space FA of a whole Revolution, and will not 
egot to the Top where A is, *till 4 be got ſo far as 
Point 9, which will be about another Hour, and 
he Snail had mov'd yet faſter, ſo that in 23 Hours 
te had got from 4 to E, ſhe would have been yet 
much longer in arriving at the Top: wiz. About 25 
fours, from hence it is plain, that the Faſter the 


ail Creeps from A towards F, E, &c. The longer 
eis in coming to the Top of the Wheel moving 
1 e Contrary way, and conſequently the Fafter the 
in moves from Welt to Eaſt in his Annual Motion 


cording to the Succeſſion of Signs, the longer he 
Jin making one Diurnal Revolution; and though 
he Sun's Revolution from the Meridian to the ſame 
leridian again alwais Determines the 24 Hours, yet 
is plain from hence that every 24 Hours by the Sun 
| not exactly the ſame equal Space of time, which 
Proceſs of time makes a ſmall Difference between 
edun and a good Watch; and is the occafion of the 
breſaid Equation of time. 8 85 


This Inequality of the Sun's Mbtion proceeds from 
Twofold Caule. 0 


The firſt Cauſe is, the Obliquity of the Ecliptick, 
aking an Angle with the Equator of 23d.—3c2 of 
creabouts;z now the Eeliptick being properly an Obs 

H h | Une 


114 An eaſy Method 


lique Circle, the Poles of the Equator, and not o 
Ecliptick, being the Poles of * World, ey 
Center of all Diurnal Motion, the Right Aſcenfion 
the Sun mult be accounted upon the Equator: ; 
hence it is manifeſt, that although the Motion of : 
Sun in the Ecliptick were always equal, yet his My 
on from Welt to Eaſt, or his right Aſcenfion account 
upon the Equator, could not be ſo much, or Incre 
ſo faſt in Aries and Libra, where the Ecliptick ma 
an Angle of 23d. 30m. with the Equator, as in (. 
and Capricorn, where the Sun's way in the Ecliptick 
Parallcl to the Equator. a h 


For Illuſtration of what hath been ſaid f 
Fig. 79. poſe the Line A B CD to repreſent half the 
| Yuator, and the Arch 4 FED, to repteſ 
half of the Ecliptick, now although the Segments 4 
and FE and ED are equal, yet Perpendiculars let f 
from thePoints Fand E upon the Line A B C D, att 
Points B and C do not divide that Line into three eq 
| Parts, from whence it is plain that the Sun's ry 
Aſcenſion D C is not ſo much increaſed by his Runai 
from D to E at ſo great an Obliquity to the Equat 
as the Sun's Right Aſcenſion C B is in his Runni 
from E to E, where his Motion is almoſt Parallel 
the Equator 5 and then if his Motion from Weſt 
Eaft be ſwifteſt in the Tropicks, for Reaſons now 
ven, his Diurnal Motion muſt be ſlower by thefi 
Demonſtration, » b 
But a ad Cauſe of this Inequality is occafioned | 
the Eccentricity of the Sun's Orb, (whether we alle 
the Sun or Earth the Motion it matters not, but 
this Cafe we ſhall Impute the Motion to the Sun) whi 


moves in his Orb ſometimes nearer, ſometimes fart. the ( 
off from the Earth, by which Means although but f 
Sun's Motion in his Orb were always + wy yet whic 
would appear to us to be ſometimes ſwifter than ly di 
other times from Weſt to Eaſt, and conſequently {lon pos'd 
in his Diurnal Motion, as you ſee Demonſtrated in Ra, 


following Figure. 


= 


For finding. the Longitude. IS 


| | Fig. 80. 


I this Diagram ſuppoſe the Earth at the Center, 
bout which is deſcrib'd the Circle 4BCD, which 
zequally divided into 12 Parts, at the Points A. 1. 
8. 3. 4. c. repreſenting the 12 Signs which. in 
demlelves are equally divided. Now it the Sun did 
doe in the Circle ABCD, which is equally diſtant 
ſom the Earth its Center at E, his Motion would be 
xgular and certain, but the Earth being not the exact 
(enter of the Sun's Orb, makes the Diviſion of the 
Signs, although equal in themſelves, to appear une- 
qual to us: for the Illuſtration of which, ſuppoſe the 
lun to move in the uppermoſt Circle, obs . T7 8 
1 &. whoſe Center is at the Mark O, and ſuppoſe 
de Earth at the Center of the other Circle near the 
ark E; now although with reſpect to the Center 
H the Diviſions or 3 drawn from thence are 
equally Diſtant, yet theſe Lines continued to the 
ppermoſt Circle in which the Sun is ſuppos'd to 
nore, the Diviſions upon that Circle are very une- 
qual, and therefore N e the Sun's proper ſimple 
mail Motion ſhould be always equal, yet it is very plain 
Nel Nut the ſun in Capricorn when neareſt the Earth, ſhall 
ef * to us to run more ſwift, than when in Cancer, 
in bis Aphelion or greateſt Diſtance from the Earth, by 
ne Reaſon of the ſmaller Diviſion of the Signs, not that 
they are really ſo, but appear ſo to us, becauſe of the 
ed {W\carneſs of the Sun's Orb to the Earth, as you ſee the 
Points and = are Diametrically oppoſite to each 
other, ſuppoſing the Eye at the Center E, where the 
Larth is ſuppos'd to be, and the far greater Part of 
the Circle is above the Line Y = which yet contains 
but fix Signs, and the far leſſer part is below that Line 
y which contains alſo fix Signs, and yet the Signs equal» 
han WM!) divided upon that Circle, whereof the Earth is ſup- - 
fon pos d to be the Center. | RIOTS 
| in MM Note, Lam not here undertaking to determine whe- 
ther the Sun or Earth be the Center of the World, or 
whether the Orbs of the Planets be Circular or Buff 
2 WY AS 7 | tical 5 
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tical ; for which way ſo ever it be, this Demonſterati. 
on ſerves to Illuſtrate what I am now upon, as to the 
Equation of Time; and to let the Reader ſee the Rez. 
ſons thereof, which is all that is expected from this 
Diagrem. : . | 


Now the Occaſion of this Equation being Twofold 
as is proved, itis plain, that when both the Inequali- 
ties tend one Way, it alters the Equation faſter, ass 
bout the middle of December, when the Sun is neareſt 
the Eirth, he appears to move faſter from Veſt to Euf 
by the laſt Demonſtration 3 and alſo Running then al. 

moſt parallel to the Equator, his Motion, accordin 
to the ſucceſſion of Signs, muſt be ſwift, by the hn, 
Demonſtration ; and therefore his Diurnal Motion or 
Revolution from Noon to Noon, muſt require more 
Time, by the firſt Demonſtration, and conſequently the 
Watches muſt now go faſtet than the Sun; but in June, 
although that Part of the Ecliptick in which he is then, 
lies nearly parallel to the Equator, as in December, 
thereby Accelerating his Eaſtery Motion, to our Ap- 

earance 3 yet his Diſtance from the Earth being then 
in Aphelion, helps to Retard it, ſo that the Motion of 
the Equstion, is not then ſo evident. 1 

From this Inequality, as grounded upon theſe Two 
Occaſions, are the foregoing Tables of Equation of 
Time calculated, which will ſerve for many Years, 
without any ſenfible Alteration. Their Uſe is ſo 
plain, that every Body may underſtand it ; for find 
the Month at the Top of the Leaf, and the Day 
at the Left Hand, and in the common Angle of Mee- 
ting, you have the Equation in Minutes and Seconds, 
whether it be too Faſt or too Slow, as the Title | Watch 
Too Faſt] or [Watch Too Slow] DireQs. 


And now ſor the Application hereof to the finding 
the Longitude 3 When you fet Sail obſerve in your 
Table of Equation of Time, how much the Watch 
is to Faſt or too Slow, and ſet your Watch to it, 
and not exactly to the Time of the Day, unleſs it be 
when the Equation is nothing. As for Example, w_ 

* | ro wn pole 
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ps | am bound upon a Voyage any Day, when the 


quation found in the Table is Se ven Minutes, and 
the Title [Watch too Slow] I conclude from thence, 
That a good Watch fhould be Seven Minutes too flow, 
or behind the Time given by a true Sun-Dial, there- 
fore I put my Watch ſeven Minuts behind the Time 
given by the Sun. As ſuppoſe 1 ſet my Watch at 12 
1 Clock, I put it to 53 Minuts paſt 11, or if I ſet it 
at 4, 4755 it to 53 Misc pal 3, Cc. and layin; 
it carefully by, as before directed, it is fit for the Voy- 
age, FFC 
bret, I have Sail'd ſeveral Days to the Vt ward 
of the Meridian departed from, but whether North- 
wards or Southwards. it matters not, finding the Sun 
jut upon the Meridian, I look at my Watch, and find 
t16 Minuts paſt 3 a Clock, and looking in the Equa- 
tion Table, I find Watch too Faſt 12 Minutes, tber 
ſubtract 12 Minuts from the Time given by the 
Watch 3 Hours, 16 Minutes, the Remainder 3 Hours 
4 Minuts, reduced as before directed, gives 46 Deg. 
oMin. The true Difference of Longitude ; but if it 
had been too ſlow 12 min. you muſt have added 12 
min. to 3h. 16m &c. | : 


Note, If you ſet your Watch exaRly with the Sun 
when the Equation is nothing, it will always after 
that hold the ſame Equation found in the Table, 
whether too faſt or too ſlow, and the fame Quan- 
tity, (if your Watch go right) and that is the Rea- 
ſon, that if you ſet your Watch when there is Equa- 
tion, you muſt give it the Equation anſwering to that 
Day, (whether ſwift or ſlow) and then it will alſo 
hold the ſame Equation, 


If any Body will object, that if a Watch proves 
wrong and erroneous, it may cauſe a great Error to 
be contraſted in this Way of finding the Longitude, - 
according to the Slowneſs or Swiftneſs of the 
Watch. ow: | 

I anſwer, That 1 agree to; but nevertheleſs when 
Watches, as well as other Inſtruments, are made by a 

| H h4 good 
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good Workman, and fold to a Gentleman for good 17d 
and ſubſtantial, it is commonly expected that they ; 
ſhould anſwer the End for which they are made . 
and bought; and if we will ſuffer this ObjeQion je 
to prevail yet farther, I anſwer, That with reſpet jr 
to the Latitude, it may as well be urged, that if our 
Quadrants, Foreſtaves, or other Inſtruments for that 
Purpoſe were made wrong, we ſhould be much de. 
ceived in our Obſervations for the Latitude, :nd 
yet how few upon ſuch Suppoſitions will Fooblhly 
deſiſt from the Uſe of thoſe Inſtruments for attain- 
ing the Latitude; nay, ſo far are they from that, 
that when t:ey find an apparent Fault in a Qua- 
drant, they will obſerve carefully what the Fault is 
whether Northerly or Southerly, and how much, there 
by to regulate their future Obſervations ; and when 
all is done, you ſhall rarely find where there are many 
Quadrants, or many Obſcrvers aboard of one and the 
ſame Ship, and Obſerving at one and the ſame Time, 
that all their Obſervations ſhall be exactly the 
ſame, but differ ſometimes 6, 8, 10, or 20 Minutes, 
or ſometimes more; and yet theſe Differences are 
thought tolerable, and the Mariners continue to uſe 
theſe means, and in a. great meaſure to truſt to them 
notwithſtanding ; for we muſt not expect to attain 
to Infalibility 'in any S whilſt we are Trayer- 
ſing this Terraqueous Globe Not that I would 
adviſe any Body to be too credulous, or to take 
either Watches, or other Inſtruments, and truſt to 
them as the beſt, meerly upon the Report of another, 
unleſs you know you have great Reaſon to depend 
upon the Credit of them that ſo recommend them: 
But if you think to make uſe of this Method for find- 
ing the -Longitude at Sea, take a Watch along with 
vou, that you have had ſome Experience of aſhore, 
and if you have found that your Watch has gone well 
aſhore, and yet fear, that for the Reaſons before men- 
tioned, ſhe may not go ſo well at Sea, take her along 
with you upon ſome ſhort Coaſt Voyage, where you 
can every now and then obſerve whether ſhe keeps 
her true Motion at Sea as well as aſhore, and if 1 


I 
11 ho 


Hours running, I could very ſenſibly diſcern that we 
H h "a „ 
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(gd that notwithſtanding your keeping her ſo care- 
filly, as before directed, the Clammineſs of the Sea 
ur, does (as ſome ſuppoſe) retard her Motion, you may 


rrballance her Dullneſs occaſion'd by the Sea-Air, if 
j ſuch thing be, (which I cannot believe, if ſhe be 
kept warm and dry, as before directed) and by this 
Means I do not Queſtion, but that this Method for 
finding the Longitude might be render'd as eaſy and 
nicable as the uſual Methods now in Uſe, for 
bling the Latitude by Obſervation, a Thing very de- 
inble, and therefore deſerves to be encouraged, and 
jut into practice. | 


fn too) that in Places near the EquinoCtial, the De- 
tees of Latitude and Longitude are ſo nearly equal, 


nd that the Mercator's Chart and plain Chart are ſo 


nuch alike, that Longitude there need not be much 
regarded ; but the greateſt Neceſſity for it, and Diffi- 
6. in attaining it, is in Places nearer the Pole, 
eſpecially above 60 Degrees of Latitude, where a De- 
oree of Longitude contains not half fo many Miles as 
Degree of Latitude, which makes the Work more 
difficult, : 

I anſwer, for the Encouragement of thoſe that would 
put in Practice what is here deliver'd, that the nearer 
the Poles that you come, and conſequently, the lefler 
the Degrees of Longitude are, the more practicable is 
this Method, and the leſs the Errors that can be ſup- 
poſed to be contracted; for in a few Miles Weſting or 
Eaſting in Latitudes above 60, where the Degrees of 
Longitude are not half ſo much as a Degree in the 
Equinoctial, you may much more ſenfibly and appa» 
rently diſcern your difference of Longitude there then 
nearer the Equinoctial. I have been my ſelf running 
5or 6 Knots due Weſt in Latitude 524.30m, or there- 


1 19 1 


M4 


iſe means to quicken her Motion as much as to coun- 


| know it is argued by Sailors, (and with good Rea- 


abouts, (I do not exactly remember, but it was in Co- 


ming from Archangel, about the North Cape of Fin- 
mark, the Cape it ſelf lies in Latitude 71d. 2 2m, and 
we did not make the Cape coming Home) and in 24 


4 
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had gaiced about half an Hour: So that when, the 
Glafles were out for 12 a-Clock, (which we had fors* 
mexly experienced to be very right) it wanted about 
half an Hour of 12 by the Sun, as near as I coula® 
compute, having no Help but the Ship's Glaſſes ta? 
compute it hy: The Truth of which is alſo evident; | 
for in Latitude 52d.30m. there is but about 18 Miles 
to a Degree, and if we run about 135 Miles that 24 
Hours, which might be done at the Rate aboveſaid, it 
would anſwer exactly to 74.—3om. of Longitude, which 
is juſt half an Hour in Time; and hence it is plain 
that the Difference of Longitude by this Method ig] 
more Ons in great L. titudes than near the Equi- 
And that the Errors here contracted are alſo leſs, ii 
as evident; For ſuppoſe your Watch to be wrong by} 
4 Minutes of Time, this 4 Minutes, I confeſs, is a De- 
gree of Longitude in all Latitudes, and in that Reſpect 
the Error is equal in all Latitudes: But when the Lon- 
gitude comes to be reduced to Miles, ſuch whereof 66 
makes a Degree of a great Circle upon the Earth, yo 
will find that a Degree at or near the Equinoctial, is 
about 6o Miles, and therefore an Error of 4 Minutes 
in Time begets an Error of 60 Miles near the Equinoc- 
tial; but in Datitude 92d. 30m. aforeſaid, where there 
3s but 18 miles tp a Degree, an error of 4 Minutes of 
Time begets an Etror of but 8 Miles in Diſtance; and 
further North, where the attaining of Longitude is 
yet more difficult, the Errors contracted by this Ope- 
ration will conſequently be leſs, an Error of 6 Leagues 
being as dicernatys in Latitude 724. 30. as an Error of: 
20 Leagues near the EquiroQial ; ſo that although. ] 
Sailing near the Equinoctial is commonly reckaned 
the eaſieſt in all other Caſes, yet by this Method the 
moſt difficult Caſes are become the moſt practica- 
ble and eaſy: And I think I may, without Preſump- 
tion, entitle it as uſeful an Help for finding the Lon- 
gitude as what has vet been offer d. and may be ve- | 
Ting in that uſeful Subject, till (if poſſible) the 
cfired Compleatment thereof be accompliſhed. * 1 
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( Aſtronomy. 
5 HAVE in the former Part hereof, treat- 
IS | ed upon the Projection of the Sphere, 
: Ec and Spherical Trigonometry right Ang- 
A, led and Oblique, which may re as a 
Lm * Introduction to this Chapter; in 
hich I ſhall lay down all that Part of Aſtronomy, 
at is neceſſary in Navigation, and therewith con- 
ide the whole =— The Definitions refer to Plate 
Fig. 211. a Projection upon the plain of the Meri- 


* 


81 
Aſtronomical Definitions. 
1 ſhall bring the Definitions under theſe five heads 


Points, 2. Great Circles, 3. leſſer Circles; 4. Arches 
Circles, 5. Angles. . 


Aly under our Feet, as N. | 


les of the World) are the North Pole P and the 
uth Pole S, and the Poles of any great Circle is 


Ecliptick Æ C are in the Point cc, &c. 
2. Great Circles. 


other in the Zenith, and cut the Horizon at right 
ngles as Z O N and Z 4 NM 


3 


The Zenith is the Point directly over our Heads 
2, and the Nadir is the Point oppoſite or di- 
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The Poles of the Equator (commonly called the 


* 90 Degrees diſtant from it, ſo the Poles 


The Azimuths are great Circles, that interſeQ one 


1 * 2 , 3 1 % 
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122 Of Aſtronomy. | 
The Horizon is that great Circle, that divides th 


upper Hemiſphere from the lower, as H, A, O. | 11 
The Equator divides the North Hemiſphere fron S, 
the South as E, Q, — the  Ecliptick cuts thi {ts 
Equator at an _ 23 30, as K C. the Prim or! 
Vertical is the Eaſt and Weſt Azimuth, as Z 4 dete 
—— The Meridians are great Circles paſſing from that 
Pole to Pole, as the Primitive P ES QP, or thef Faf 
Right Circle P AS, or the Oblique Circle P OS, &c. thu 
The Meridians and Azimuths are infinite. it r 

3. Leſſer Circles. 5 
Leſſer Circles are commonly called Parallel Cir. 1 


cles, becauſe they are generally Parallel to ſome great 
Circle; thus the Parallel of Declination A © fil x 
ſo called, "becauſe it is Parallel to the EquinoQial ; 
from whence the Declination is reckoned either North of 
or South —— The Tropick of Cancer is a Parallel 
of Declination 23 d. 30 nun. diſtant from the Equa- any 
tor Northward, and the Tropick of Capricorn at the nor 
ſame Diſtance Southward from the Equator. 

The Parallels of Altitude (by ſome called Almi- 
canters) are leſſer Circles Parallel to the Horizon, as De 
b Oe the Artick Circle is Parallel to the Equator, 
diſtant from it 66d. 30 m. Northwards, and the An- 
tarzick Circle is the ſame Diſtance Southward from 
the Equator. —— The two Poles of the Ecliptick N Me 
are in theſe two Circles. „ 

Note. Arches of lefler Circles are never made parts hit 
of Triangles. 


4. Arches of great Cireles, 


The Sun's Altitude is an Arch of an Azimuth 
comprehended between the Sun and the Horizon, as R 
R 


Suns Azimuth is an Arch of the Horizon, that is | 4 
contain'd between the Azimuth that the Sun is in, 
and the Meridian (North or South) thus H R is the 
Sun's Azimuth from the South : When the Sun is 

| ras | any 
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iny where in the Azimuth Z ON whatever his 
Altitude be. | 
Suns Amplitude is the Diſtance that the Sun riſeth or 
ſets from the Eaſtor Weſt, or if you will from the North 
or South, and is an Arch of the Horizon contain'd 
between the Point where rhe Parallel of Declination, 
chat the Sun moves in, cuts the Horizon, and the 
Faſt or Weſt, North or South Point of the Horizon; 
thus when the Sun moves in the Parallel Z@ 5, 
it riſes at 4, and the Arch 4 d is the Sun's Ampli- 
tude from the Eaſt or Weſt, and the Arch d © is 
the Amplitude from the' North. 
Note, the Sun's Amplitude is always of the ſame 
Cir-WW Denomination with the Declination, whether North 
reatl or South. . 
f "8 Right Aſcention is an Arch of the Equator con- 
ial; nined between the Beginning of Aries and that Point 
th f of the Equator where dhe Suns Meridian interſeQs it 
lll. 4 T is the Sun's Right Aſcenſion when it is 
Ius ny where in the Meridian PO T $; but in Aſtros 
the romical Operation, the Diſtance betwen the faid In- 
. tzcſeRion, and the neareft Equinoctial Point is the 
Imi- Right Aſcention, and then it can never exceed 90 
Degrees. | 
. Read Difference, is an Arch of the Equator 
An- contain'd between that Point of the Equinoctial, that 
rom riſes with the Sun and that Point that comes to the 
tick I Meridian with him ; thus the Point 4 riſes with the 
Sun; but the Point » comes to the Meridian, with 
arts I him therefore 4 u is the Aſcentional Difference. 
Oblique Aſcention is an Areh of the Equator con- 
tained between the next Equinoctial Point, and that 
Point of the Equator that riſes with the Sun, and is 
found by adding to the right Aſcention, or ſubſtrac- 
ting from it the Aſcentional Difference, the Sum or 
5 I Remainder is the Oblique Aſcention required. ge 
: Longitude of the Sun is the Suns Diſtance from 
che neareſt Equinoctial Point, accounted on the E- 
diptick thus, 4 © is the Suns Longitude. 9 1 
| ecli 


18 | hh 6 


I24 Of Aſtronomy. 


Declination is an Arch of the Meridian contained 
between the Sun and the Equinoctial as © T —. 


_ Angles. 


The Sun's greateſt Declination is the Angle that the 
Ecliptick makes with the Equator, as T A ©, and i 
accounted 23 d. 30 m. 8 
The Hour of the Day is the Angle, that the Me. 
ridian of the Sun makes with the Meridian of the 
Place, thus the Angle Z P © is the Hour thx 
it wants of, or is part 12, accounting 15 d. to an 
Hour, c. 5 
The Sun's Azimuth is the Angle at Z, that is 
made between the Azimuth that the Sun is in, and 
the North and South Azimuth or Meridian of the 
Place, as the Angle HZ R is reckon'd from the 
South ; but R Z A is reckoned from the Eaſt or 
Weſt. Fey : 15 f ö 
The Sun's Amplitude is an Angle at Z, that the 
Azimuth, that interſects the Horizon where the Sun 
Parallel of Declination InterſeAs it makes with the 
Prime Vertical, if reckoned from the Eaſt or Weſt, 
as A Z d, ord Z O if reckoned from the North. 
Theſe Angles may alſo be reckoned as Arches of 
great Circles, as the Hour is an Arch of the Equz- 
tor, the Azimuth and Amplitude are Arches of the 
Horizon, cc. | 


ab A = — 


S Ec r. II. 
| Aſtronomy Rectangular. 


A Lthough moſt of the neceſſary Caſes in Aſtro- 
nomy may be repreſented by a Projection upon 
the Plane of the Meridian, which to à great many 
Learners ſeems moſt natural and intelligble; yet 


there are ſome Caſes eſpecially in Oblique, that _ 
| | no 


"0 _—” . 
* * 
12 

2 
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not be projected upon that Plane in which Cafes take i 
= this general Rule. | f Wy i 
When there is given two Sides and an Angle, make 1 i 
given fide upon the Primitive, and the given An- [i 
| ge at the Primitive; but if two Angles and a fide b 
t the de given, make both the Angles at the Primitive = _ a 
1d is nd then, if the given Side be contain'd between the Om 
given Angles, it will alſo fall upon the Primtive ; but [8 
Me. if not, it falls within; but when three Sides, or 1 
the WW three Angles are given it matters not which Circle 
that I jou make Primitive, ſo it be generally one of thoſe 
an Wi great Circles, an Arch of which is a os of the Tri- 
5 angle, nor are you always obliged to have the given 
t is Triangle at the Primitive; but it may ſometimes be 
and drawn within. = 
the There are 12 Signs in the Zodiack, their Names 
the Wl ind Characters are as follow. 
or YT Aries, 8 Taurus, I Gemini, S Cancer, & 
Leo, M Virgo, = Libre, in Scorpio, 7 Sagitarius, 3 
the Wl 'þ Capricorn, 2 Aquarius, X Piſces: * | JIE 
un's Each Sign contains 30 Degrees, in all 360 the _ 


the Number of Degrees in every great Circle 

eſt, Note, when it is not expresd what. Plane the Pro- 

. jection is upon, it is always ſuppoſed upon the Plane 

of of the Meridian: | 

ua- Note alſo, when any Problem is referr'd to, it means 

the WW the Problems in Spherical Geometry, annex'd to the 
Stereographick Projection of the Sphere. 


4 


Prob. 1. Fig. 112, 


Given the Sun's Longitude and greateſt Declina- _ 
nation to find the preſent Declination. | - = 
Sun's Place II od. o. m. or Longitude from the 
beginning of Y 60, greateſt Declination 23 d. 30 m. 
Draw the Primitive H Z O N and croſs it with 
o- the Diameters ZN and H O, at Right Angles (which 
on being to be done in all Caſes I ſhall uſe the Con- 
= traction PC Q; for draw the Primitive Circle and 
ny 3 . f 
et | coſs it with two Diameters at right Angles) draw 
n-. E C the Ecliptick at an Angle of 23. 30, at 4 by 
ot Po Nha h h 7 Prob, 


* 
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--- Prob. 3, ſet the 1 60 = 6 152 
Prob. 11 and through © draw the Ci 

5 WA by Prob 1 then is 4 B © the Triangle -requ 
| Here i 


iven as; ie tenuſe 4 O the _ 
tude 60 O. and the An 3 A the greateſt Declin 


tion 23 30, to find 2 e e een 
| ſent Declination by Caſe . . e it 


= ol 


1 Rad. K 2 8 
To fine of 4 © the Longitude 60 o 9.937 
| 8⁰ fine of 4 3 Dec. 23 W — 


F 


. To fine « of B She preſent Dec. 20 12> 5:536 
Prob. 2˙ Eg. 112. 4 2 as 1 


1 Dives 6 b in Prob. 1 to find the cake” Aſcentiel 
23; here is given the Hipotenuſe and an Angle 
| ad we the” Leg ad) Jacent to the given Angle by Gig 
| a Tang; Comp. A © the Longit. 0 9-761 


— — — — — 10.0000 


Wass Comp. A the greateſt Dec. 23 30— 9. 0 a 


| To Tang. 4 B the W ne, 57 i 10.2008 | 


Given the greateſt Declination 23 30, and beats ent 
Declination 20 12 to find the Longitude. ; 
-P C Q let A © be the Equator, draw BR Cl 
in Prob. x for the Ecliptick, and at 20 12 the prese 
Declination, Diftance — the Equstor, draw td 
Parallel * © by Prob. 4, and through the Pon 
where it cuts the Ecliptick as in 5 draw the Cirde 
Z © N by Prob 13 then iq 4108 the N | 
cs. | | 
| ere is given che Angle 4 and . oppoſite 
0 


. find the Hypotenuſe A ©, the . by 
Cafe 12. Þ 


* 2 
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is fine of 4 the greateſt Dec. — 23 30 — 9. 6 0 | 
o fine of B © the preſent Dec, — 20 12 — 9.538199 
80 Rad. — — — 10. ooo 
o fine of 4 © the Longitude 60 o — 9.93749 AF 

Prob. 4. Fig. 112. | 40 
Given the greateſt Declination 23 30, and preſent I 

Declination 20 12 to find the right Aſcention. _—_ 
Projected as in Prob. 3, being the ſame Data the 1 
Angle 4 and Leg oppoſite B O are given to find the = 
other Leg 4 B by Caſe 10, | - 
As Rad. — — — 10.00 * - 1 
To Tang. B © the preſent Dec. 20 12 — 9.565 
So Tang. Comp. A greateſt Dec. — 23 30 — 10. 36170 . =—_ 
To fine 4 B right Aſcention — 57 48 ——— 9.92746 © 4 
Prob. 5. Fig. 112. | - | a 1 
Given the greateſt Declination 23 30, and right AC _ 4 
cention 57 48 to find the preſent Declination. "= 
» C 2, nnd. let Q be the Equator, and draw 
EC the Ecliptick to make an Angle of 23 30 the 3 
greateſt Declination by Prob. 3, with the Equator ſet <1 | 
the right Aſcention 57 48, from A upon the Equator — 
to B by Prob. 5, and through the Points 2 BN drag 
the Circle Z B Nto cut the Ecliptick in the Point O; 


then is 4 B O the Triangle . 1 N ; 
Here is given the Angle 4 and Leg adjacent, 4 B 
to find the Leg oppoſite, B © by Caſe 7. 


5 Tavg Comp. 4 greateſt Dec. 23 30 — 10.36170 nl 
To Rad.. * — ——- 10.00000 , - * _ 


80 fine 4 B right Aſcention. — 57 48 — 9.92749 


To Tang. B eſent Dec. — 20 12 1 5 9.56 577 
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Prob. 6 Fig, 113. 


; | eds 1 wher 
Given the greateſt Declination 23 30, and the right IM the 
Aſcention 57 48 to find the Longitude, Wie 
* . = 1 
Projected as in Prab. 5. Aſce 
Here is given the Angle 4 and Leg adjacent, 4 As! 
B to find the Hypotenuſe 4 © by Caſe 9. To 
. ; >. 2 ww" IF 80 1 


As Tang. 4 B right Afcention. — 48 10. 20084 
To Rad. — — —ę—̃ ——10.00000 To 
So fine Comp. 4 greateſt Dec, 23 30 —— 9.96240 


2 


— Wt 


To Tang Comp. 4 O the Longitude 60 0 — 9.761 56 To 
Prob. J. Fig. 113. 


Given the Latitude of the Place 50 North, and 
Sun's Declination 20 North to find the Aſcentional 
Difference. « » 4 , k «1 : - 


And alfo Sun riſe and fet. —— —— ——— Prob. 8 
Length of Day and Night.. —'9 
Sun's Amplitude. — — — 10 
What Hout Sun is due Eaſt or Weſt.. — 11 
Sun's Altitude when Eaſt or Weſt. — — 
Sun's Altitude at 6. 

Sun's Azimuth at 6. 


_P C Q_ Set the Latitude 50 from O to P and 
from H to S, and draw FE S for the Axis of the 
World, and at right Angles thereto draw E Q the 

_ Equator, and at an Angle of 23 3o therewith draw 
Ec the Ecliptick ; draw the Parallel a Obe d e diſ- 
tant from rhe Equator” 20 d. the given Declination to 
cut the Ecliptick in O and theongh © draw the Me- 
ridian P © & andthe Azimuth Z ON; alſo through 
where the Parallel of Declination cuts the Prime Ver- 
tidal, draw the Meridian P b & and through 2 the 
5 | Abs 'oint 


p 
8 
V 
: 

1 
[ 
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Point where the Parallel of Latitude cuts the Axis 
p $ draw the Azimuth Zz c N and through the Point 
where the ſaid Parallel cuts the Horizon as at d, draw 
the Meridian Pd & and then in the Triangle 4 d h 
is given the Angle 4 the Comp. of Latitude 405 
nd the Side % d the Declination to find 4 h the 
Aſcentional Difference by Caſe 10. | 


As Rad. — — — — TON 00e 
To Tang. of Latitude. —— 50 00 — — 10. 07618 
So Tang. of h d the Declin. 20.90 — 9.56106 


en. 


To fine of Aſcentional Difference 25 42 978 3724 


Prob. 8. Fig- 113. a 
To find by the Aſcentional Difference, what Time the Sun Riſes 
or Sets. ZE 

The Aſcentional Difference converted into Time 
(allowing 1x5 Degrees to an Hour and one Degree 
to 4 Minutes of Time, ) gives the Time that the Sun 
riſes before or ſets after 6 in the Summer, or riſes 
after and ſets before 6 in the Winter; and at that 
Rate the Aſcentional Difference 25 42 makes 1 Hour 
43 m. which added to 6 makes 7 Hours 43 m. the 
time of the Sun's ſetting in North Declination, or riſing 
in South Declination; but ſubſtracted from 6 it 
leaves 4 17 the Time of Sun's riſing in North De- 
clination, or ſetting in South exc. 

Note, ſubſtract the Sun's riſing from 12, the Re- 
mainder is the Setting. | Ff 


e WW = 


5 | ; Prob, 9. Fig. 113. 12 2 | | 
To find the Lengrh of the Day or Night.” | 


Double the Time of Sun's ſetting found by Prob. 8 it 
gives the length of the Night; and double the Time of 
Sun's Rifing 1t gives the length of the Day: Thus 
when the Sun Riſes at 4 17, that doubled makes 
8 34 the length of the Night ; but the Setting at the 

| arg time 5 43 doubled is 15 26 the length of the 
Day. *: ol 


. 


Prob, 
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Prob. 10 Hg. 113. 
To find the Sun's Amplituds. 


In the Triangle A h d is given the Angle, A the 
Complement of Latitude and Side, „ 4 the Decling. 
tion, to find 4 d the Amplitude from the Eaſt or 
ek by Cale 12 


As fine 4 the Comp. Latitude — 40 0 — 9.8080 
To fine of 5 d the Declination — 20 0 — 9.53405 


So Radius — — -__— — — 0,000 


— en——n oe 


To fine of A d the Amplitude-— 32 8 — 9.72598 


Or the Amplitude from the North may be found 
in the Triangle 4 PO where is given 4 P the Com- 
plement of Declination 50 0; and 0 P the Latitude 
30 to find 4 , by Caſe 6. - 


As ſine Comp. 7 o the Latitude 30 82 — 9.80807 
To Rad — — — — 10.00000 


80 ſine Comp. Pd the Comp. Declin. 70 0 9.53495 


— 


To fine Comp. d O the Amplitnde 57 52 — 9.72598 
1 Prob. 11. Fig. 113. 


Given the Latitude 50 oo and Declination 20 oo 
to find what the time Sun will be due Eaſt or Weſt. 
In the Triangle 4 m b there is geen m b the 
Declination, and the Angle A the ment of 
Latitude to find m 4 the Hour from 6, by Caſe 10. 


As Rad. — — —— — 19.00000 
To Tang. m 6. the Declination 29 00 —— 9.56106 
So Tang. Comp. A the Latitude 50 00 —— 9.92381 


2 ů nd 


To fine An the Hour from 6, 17 47 — 9.48487 
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Or it may be done by the Quadrantal Triangle 

A Þ b the Side 4 P being a Quadrant, and he | 
Angle P the Hour from 6; and therein is given the 
Side Þ the Complement of Declination 70 o, and 
the Angle b 4 P the Complement of Latitude 40 © to 
find b A: And here omitting the Quadrantal Side 
A P, the Angle P is middle Part, and A and b P are 
Conjuncts therefore: 


— 


r 


As Rad | | 1 io. ooooo 
To Tang 4 the Comp. Lat. — 40 00 — 9.92381 
So Tang. Comp. b Þ —— ——— 50 00 — 9.56106 


To fine of P the Hour from 6, 17 47 . 9.48487 
Prob. 12. Fig. 113. | 
To find the Sun's Altitude at 6. 


The Sun is in the Point c at 6 a Clock, and in the Tri- 

le Ai c there is given the Angle 4 the Latitude, 
and the Hypotenuſe A c the Declination to find i e 
the Altitude at 6, by Caſe 2. | 


Prob. 13. Fig. 113. 
To find the Sun's Aximuth at 6 a Clock, 


This may be done either by the right Angled Tri- 
angle Ai c, where the Leg 4 i is the Azimuth at 6, 
or by the Quadrantal Triangle 4c z; where the An- 
gle z is the ſaid Azimuth. I ſhall only Inſtance in 
the Qyadrantal and leave the other Operations of 
this and the laſt Problem for the Reader's PraQice: 

There is given 4 c the Declination, and the Angle 
z:4 c the Complement of of Latitude to find 4 Z e 
the Azimuth at 6. | 
Here 4 is middle Part, and the other two are Con- 
juncts therefore; 


As 


9 
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As Tang. Comp. of 4 c the Declination 20 0 10.43893 
So fine of A the Comp. Latitude = 40 0 9.8080; 


To Tang of 2 the Azimuth 13 10 — — 9.36914 


Prob, 14. Fg. 1132 


Given the Sun's Declination and Time of Riſing 
and ſetting to find the Amplitude. 

Suppoſe the Sun rife at 17 m. paſt 4 in the Morn! 
ing, his Declination 20 d. North, I demand the 
Amplitude: | | 
In the Triangle 4 P © there is given the Angle p 
the Hour paſt Midnight 4 Hours 17 m. or reduced to 
to Time 64 d. 15 m. and the Hipotenuſe 4 P the 
Complement of Declination to find the Leg 4 O, by 
Calc 2. | 


. a = $0,00000 
To fine of d P the o_ Declination 70 0 9.97298 
So fine of P. the Hour from Midnight 64 15 9.95458 


To fine 40 the Amp. from North 57 49 — 9.92756 


Or it may be found by the Quadrantal Triangle 4 
P in which is given the Angle P the Hour of Sun's 
Riſing before 6; and d P the Complement of Decli- 
nation to find A d the Amplitude from the Eaft or 


Weft. | 


By a right Underſtanding of the Nature of Spheri- 
cal Friangles, the Latitude at Sea may be often at- 


tain'd in an Afternoon or Evening, when you cannot 
have an Obſervation at Noon zas in the Triangle 4+ 
6, you may by having the Dectination 4 c and Am- 
plitude A + given, find the Latitude the Angle at 4, 
or, in the Triangle Amb you may by having 4 b, 
the Sun's Altitude; when Eaſt or Weſt and m b the 
Declination given, find the Angle 4 the Complement 
of Latitude c. but ſhall leave this to the Reader's 
Induſtry. | 

| Prob. 
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Id | Prob. 15. Fig. 114. 
57 A es | 555 
— Civen the Sun's Altitude Declination and Latitude 
i4 Jof the Place to find the Azimuth. 
Latitude 54 4@, Altitude 47 48, Declination 20 125 
P CQ: ſet the Latitude 54 40 from O to P and 
draw P F, and at right Angles therewith draw E 5 
's I for the Equator draw the Parallel of Altitude c @ 4 
at the given Altitude 47 48 above the Horizon, and 
alſo the Parallel of Declination a © b 20 12 from 
the Equator, and through the Interſection of theſe 
Parallels draw the Azimuth 2 © N; and the Meri- 
dian PO S by Prob. 1, and then by the 11 Caſe 
of oblique Spherical Triangles. 


Comp. Lathe © oe Pros. 23 20 
Comp. Altitude, — — — Z OO = 42. 22 


Comp. Declination ——— © f -—- 69. 48 
0 — 
8 Sum 147. 20 
8 2 Sum 73. 40 
» Side oppoſite to the required Angle 2 © — 69. 48 
6 1 
Remains 3. 52 
4 
's 


7 Þ 35 20 Sine Co. Ar. —— 
2 © 42 12 Sine Co. Ar. 


— 0. 
— — 1.1728. 


r Sum of the Sides 73 40 fine 9.98271 
| Di. 3 by fine — — - 8.82888 
- — — 
— Sum 19.221662 


2 + Sum is fine Comp. of 65 55 — — 9.6108. 
; Doubled is 131 50 the Azimuth required. 


, „ Prob. 16. Eg. 113. 

0 Given the Altitude Declination 1 Hour to find 
the Azimuth. 

$ Altitude 4) 48, ' Declination 20 12 „the Hour ort 


Angle at P 32 12. 


| | | PCA 


R a VB. : % 
134 | Of Aſtronomy: 

P C Q and draw P © S to make an Angle of z: 
12 with the Primitive by Prob. 3, and thereon jt 
off the Complement of Declination 69 48 from P to 
© by Prob. 5 ; alſo draw the Parallel 2 4 b c diſtant 
from © 42 12 the Complement of Altitude, and it 
will cut the Primitive in 2 ; then threugh Z © and 
the oppoſite Point N draw the Oblique Circle Z © N, 
and the Triangle z P © is finiſhed, and by Solu- 
tion 7. 85 


8 88 oy Co. Ar. 
As fine Comp. of Altitude Z © 42 12 — — 0.17281 
To fine of the Hour Z O —— 32 12 — 9.72662 
So fine Comp. Declination © P = 69 48 — 9.97243 


To fine of the Azimuth OZ P = 48 5 — 9.87186 


But being obtuſe it muſt be ſubſtracted from 180 
and the Remainder 131 53 is the Azimuth required, 
The Truth of all your Calculations may be exa- 

mined and proved by Meaſuring the Side or Angle 
required by the Directions given, Prob. 6 and 7 of 
Spherical Geometry, which would have been needleſs 
to repeat in all the foregoing Operations. 


PROBLEM XVI klare y, 


Fig. 113. 


Given the Latitude; Aziniuth, and Hour to find 
the Declination. ; | 


Azimuth, —— 131 52 >to find the Sun's Dec. by 
Hour. — 32 12 I Caſe the Ninth. e 

Here the Perpendicular muſt fall upon the Side © Z, 
continued, which for Illuſtration I have annex'd to the 
Scheme; then in the Triangle Ze P, is given e Z P; 
48 8, and Z P, 35 20, to find Z Pe, byCaſe the Thi 
of Right-angled Spherical Triangles. 


Latitude North, 54 120 


As 


W 


7 Of Aſtronomy, 135 
As Tang. Comp P Z e, — — — 48 8 9.95240 
To Radius 3 o— ! — Aw 10,00000 
80 Sine Comp. Z Þ, —— — —— 35 20 9.91158 


To Tang. Comp. Z pe. — — 47 41 9.95918 


Then by Concluſion the Erghth. 
As Sine Comp. e ©, —— — 79 53 Co ar 0.75534 


To Tan. PZ; —— —— — 35 20 =— 2 9.85059 
So Sine Comp. e PZ, ——— 47 41 —— — 9.82816 


To Tang. P O. — 69 48 — 10.43409 


To Complement of Declination being 69 48, the De- 
clination required is 20 12. 


PROBLEM XVIII. Plate 9. 
| Fig. 113. 


Given the Azimuth, Hour. and Angle of Pofition, 


to find the Latitude. 


Azimuth, — — 131 52 
Hour. — 32 12 > to find the Latitude by 
Angle of Poſition. 27 19 J Caſe the Eleventh. 


Take the Complement of the greateſt Angle to 180, 
add that and the two leſſer Angles together, and from 
the half Sum ſubſtract the Angle oppoſite to the 
Side required, and proceed as in Prob. 11. 
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Thus much for the Application of Oblique Spherical 
Triangles in Queſtions of Aſtronomy. 


N. B. The Number 57. 3 in Chap. 6 Page 141 has 
its Authority from its being the Semidiameter of a Circl: 
whoſe Circhmference is 360 (the Degrees in a* great Cir- 
cle) and conſequently may be applied otherways to finding 
Angles than in Degrees only: This I thought fit to diſco- 
ver leſt ſome Pamphleteering Navigator ſhould ſeri it to 
be a ' Fiflitious and groundleſs Number but ſhall defer any 
further Account of the Reaſon of the Steps in the Opera- 

tion leſt they ſbould catch it up and call it their own, as 
an Attempt was made upon my Method of finding the 
Longitude by a right Angled plain Triangle, Chap. 6 Sed. 4, 
enly I produced it in the firſt wy of this Book, which 
was Printed above ſeven Years before this upſtart Author's 
Copy was writ, . i | 
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Logar. 
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Num. | Logar. 
34 [1.531479 
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L847 1 358295 
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ai 3 N. 
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For Numbers increaſing in their Natural ak 
from an Unit to 10, 000. 


With 2 Table of Artificial SINES, TAN 
GENTS, and SECAMNTS, the RADIUS 
10.000000,3 and to every Degree and Minute 
of the Quadrant. 
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2.474362 

2475816 
2477265 
112478855 
2480151 
2.481586 
2.4830 16 
2484442 
2.485863 
2487280 
2.488692 
2.489958 | 2-490099 
2.491362 24915022 
1827 1 
2˙494157 


2.492900 
2494294 


55 Logarmom 
— f 


1 
2.434888 
2+4 3648 I 
2.43 8067 
2-4. 39648 
2+441224 
2-442793 
2e444357 
29445915 
2.447468 
2449015 


2459597 
2.452093 


29435048: 

2+436640 

2+4 34226 
2.439806 
2.441381 

2+44 2950 
294444513 
2.446071 
2+4.46723 
2.449170 
2.4 507 11 
2452247 
2453777 
2.45 53 32 
2.456821 
2458336 
2-4 5984.5 
2461 348 
2462847 
2.464340 
2465829 
2.467312 
2-468790 
2-470263 
2.471732 


2.455149 
2+4 56679 
2.4 5 8 1 84 
2-4 59594 
2-461198 
2.462697 
2.464191 
2465680 
2.467164 
| 24468643 
2.4761 16 
2471585 
2-4 73049 
2+474508 
2-4,75962 
2477411 


2-4. 74653 
2.476107 


2-4 78999 
2.480294 | 2.480428 
2-481729 
2483159 
2.484584 
2-4 86005 
2-487421 
2-4 90239 { 

2.491642 
3.493040 
2494433 
2.495822 | 


2.483302 
2.484727 
2.486147 
2.487563 
2-488973 
24903 80 
2.491382 
2493179 
2.494572 
2.495960 


| 249663 2 


222 


— — | 


- 33% _——_ * 


2˙441538ʃ15) 


2.473195 
2477555 


2048 1872 


OE. DOR, rat Dif, 
24352070159 
2. 4367981 59 
2.4383 84/158 
2.439964 0158 


2443108015) 
24446690156 
2. 4462260155 
24477780155 
24493240154 
2. 450865154 
2.45 2400153 
2. 453930153 
2·4 55454152 
2.45697 31152 
2.458487 151 
2·459995/151 
2.46 1498/1 50 
2.46299 7/1 50 
2-464 4.89149 
24659771149 
2-4674.60,148 
2-4 704101147 
24718780147 
2473341146 


2474799146 
24762521145 
2.477 700145 
2479143145 
2˙483 582 141 


2.4905 20 141 
2. 4919220140 
2.493319 140 
24947111139 


2.496085 129 
2. 2.497 34) 2.496492 I 38 


From 1 to 10000 


(131), 


J 3 
E. 5356 
2.436957 
2.438542 
2.430122 
2.441695 
7412.443263 
2.444825 


2-446382 
2+447933 


2.449478 


24435526 
2.437116 
2.438700 
2.440279 
2.4418 52 
2.443419 
24444981 
2.446537 
2.448088 
2.441 633 


2.451018 
2·452553 
2.454082 
2.45 5606 
2.457125 
2+, 5863 8 
2.460146 
2.461649 
2.463146 
2.464639 
2.466126 
2.467608 
2.469085 
2.470557 
2.472025 
2.473487 
2.47494 
24476397 
2.477844 
2479287 
2.480725 


03 24921 59 


2.483587 
2.485011 
2+4 86430 
2.487845 
2-489255 
2.490661 


2.492062 
2.493458 
| 2.494850 
2.496237 


2.45 11 72 
2.452706 
2.453425 
2.4557 58 
2.457276 
2.4587 89 
2.460296 
2.461799 
2.463296 
2.464787 
2-466274 
2.469233 
2.470704 
2.472171 
2.473633 
2.475090 
24476542 
24477989 
2+479431 
2.480869 
2-482302 | 
2.483730 
2485153 
2486572 
2.487986 
2.489396 
2.490801 
2.492201 
2.493597 
2.494989 


1 


7 
2˙43 5685 
2·437275 | 
2:438859 


2.440437 


LOS 


2.435844 
2·43 7433 
2.439017 
2.440 594 


24442009 j 24442166 


24443576 
24445137 
2.446692 
2.448242 
2.449787 
2.4513 26 
2452859 
2.454387 
2.455910 
24457428 
2.458940 
2. 460447 
2.461948 
2.463445 


2.443732 
2.445293 


| 2:4 46848 


2.448397 


2.449241 


2.451479 
2.453012 
2.45454⁰ 
2.456062 
2.457579 
2.459091 


2.460 567 | 


2. 462098 
2·463 594 


2-464936 2.465085 
2+. 466423 3 2.466771 
2.467 904 2.4680 52 
2.469380 2.469529 
2.47085 12.470998 2 
2.472317 2.472464 
2.475779. 2.473925 


2.47235 2.475381 
2.476687 2.476832 


2.478133 2˙478278 


2.47975 24279712 
2˙48 1012 12.481166 


2.482447 2.482888 588 


2.483872 2•484 5 5 
2.48 5295 


2.4867 14 


2-488127 | 


2489537 


2.485437 
2.486855 


2.488269 
2.489677 


2.490941 2.491081 
2.492341 2.492481 
2.493876 


2.496376 
2 759 


2.436003 
2.437592 
2.439175 
2440352 
2442323 
2.443 888 
2445448 


2460747 
2.462 248 


2.463744 


2.46671 966719} 
2.46820 
2.46967 5 
2471175 


2474070 


2.476976 
2.478422 
2.479863 

2-481 299, 
| 2-482731 1 


2485579 
485997 


2.491222 
| 2.49262 1 
2.494015 


2.498173 


2.472610 | 


2.475526 


2484157 57 | 143 
| 


2.488410 | 
2-4898 18 | 


249540 
2.496791 


2:447003 | 
2-448552 
2.440095 | 
2-451633| 
2.453165 
2.454692 
2.456214 
2457730. 
2:4 59242 


2.465234 


DF 
159 
159 
158 
158 
1574 
157 
1560 
155 
155 
154 
I54 
153 
153 
152 
152 
151 
151 
150 
150 
149 
149 
148 


——— —— 


_4 Table 0 FT 1 


2.498311 
2.499687 


2.501059 
12.502427 


2.503791 
2.505150 
2.506505 
2.507956 


2.509202 


324] 2+510545 
325 | 2.511883 
5 | 2.513218 


124514548 


2.515874 
2.517196 
2.518514 
2.519828 
2.522138 
2.522444 
2.523746 
2.525045 
2.5 26339 
2.527630 
2.528917 
2.530200 
2.531479 
2+532754 
2.5 34026 
l 
2.5365 58 
2.537819 


346 | 2:539076 


2.540329 
2.541579 
2.542825 
2.544068 
2.545307 
2.546543 
2.547775 
2.549003 


12.550228 


r 
2.499824 
2.501196 
2.502564 
2.503927 
2.505286 
2509640 


2.509337 
2.510679 
2.512017 
1 
2.5 146 
2.5 16006 
2.517228 
2.518745 
2.519959 
2.5 21269 
2.522575 
2.523876 
2.525174 
2.526468 
2.527759 
2.529045 
2.530328 
2.531607 
2.532882 
2.534153 
2.535421 
2.536685 
2.537945 


2.540455 
2.541704 
2.542950 
2.544192 
2.545431 
2.546666 
2.547898 
2.549126 
2.550351 


24507991 | 


2.529202 


= 
2.499962 
2.501333 
2.502700 
2.504063 
2.506421 
2.506775 
2.505125 
2.509471 
2.540813 
2.512150 = 
2.5134 

2.5148 13 
2.5 16139 
2.5 17460 
2.518777 
2. 520090 
2.521400 
2.522705 
2.524006 
2.525304 


2.527888 
2.529174 


2.530456 


2.531734 
2.533009 
2.534280 
2.535547 


2.535811 
2.538071 


2.5 405 80 
2.541829 
2.543074 
7.544316 
2.545554 
2.546789 
2.545021 


2.550473 


2.551450 


2*556265% 


2.551572 


2.6 62700 


2.551694 


2.882911 


2.526598 


2.539327 


2.549246. 


| 


3 


2.498724 
2.500 100 


2.501470 


2.502837 
2. 504 199 
2.503557 
2.506911 
2.508260 
2.509606 
2.5 10947 
2.512284 
2.513617 


2.516271 
2.517592 
2.5 18907 
2.520221 
2.521520 
2.522835 
2.524136 
2.525433 
2.526727 
2.528016 
2.529302 
2.530584 
2.531862 
2.533136 
2.534407 
2.535674 
2.536937 
2.538 197 
2.539452 
2.540705 
2.541953 
2.543199 
2.544440 
2.545678 
2.546913 
2.548144 
2.549371 


2.550995 
2.551516 


2.562022 


2.5 14946 


OS 

2.498862 
2.500236 
2. 501607 


2.504335 
2.505692 
2.507046 
2.508395 
2.509740 


2.511081 
— — — 


2.512417 
2.513750 
2.515079 
2.5 16403 
2.517724 
2.519040 
2.520352 
2.521661 
2.522966 
2.524266 
2.525563 
2.5268 56 
2.528145 
2.529430 
2.530712 


2.531989 


2.633263 
2.534. 8 
2.535800 

2.537063 
2.538322 
2.332578 
2.540830 
2.542078 
2.543323 
2.544564 
2.545802 
2.547036 
2.548266 
2.549494 
2.550717 
2.55 1930 
24553154 


—!!!! pp ͤ ED ESEDE TED 


[ 


from I to 19000. | 


2.500374 
2.501744 
942.503 109 
2.504471 
2.505828 
12.507181 
2.508530 
2.509974 


2.511215 
ak 


lb dates 


2, 515211 
2.51653 5 


2.519171 
2.520452 
2,921792 
| 2.523096 
2.524396 


335 | 2.525692 | 


2.526985 
2.528274 
31 2.529559 
2.530840 
2.532117 
2.533391 
2.534661 
2.535127 
2.537189 
2.538448 
2.529703 
2.540955 
82.542203 
2.543447 
2.544688 
2.345925 
2.547159 
2.548389 
2.549616 
2.550840 
2.552059 


357 12.552276 


2.498999 


2.517855 


6! 


2.499137 
2.5005 11, 


2.504607 


2.597316 
2.503664 | 
245 10008 
2.511348 
2.512684, 
2.5 14016 
2.515344 
2.5 16568 
2.517987 
2.519303 
2.5206 14 
2.521992 
2.523226 


2.501889, 
2.503246 


2.505963 


2.524526 
2; 525822 1 
2.527114. 
2.528402 
2.529687 


2.532245 
2.533518 


2.534787 
2.536053 
2.537315 
2.538347 
2.519828 


2.541080 


2.543571 
2.544812 


2.547282 
2.5485 12 


2.550902 
2.552181 


| 2:552397 


2.54232) 
2.545049 | 


2.545735 


7 


2.495275 


2.500948 
2.502017 


2. 503382 


2.504743 
2.506099 
2.507451 
2.508799 
2.510143 


2.511482. 
2.512818 


2.514149 


| 2315590 
2.5158 
2.518119 


2.519434 
2502745 
2.522063 
2.523356 
2.524656 


| 22525951 
| 24527243 


2.52853 1 
2.529815 


2.530968 2.53 1095 
2.532372 
| 2+533045 


2.534914 
2.535179 
2.53744¹ 
2.538699 
2.539954 


2.541205 


2542452 
2.543696 
2.544926 
2.546172 
2.537405 
2.54863 5 
2.549861 
2.551084 


2.552303 
2.553519 


485412 
2.502154 


2.504878 
2.506234 


2.508933 
2.510277 
2.571616 
20512951 
2.514282 
2.515609 
2.516932 
2.518251 
2.519565 
2.520876 
2.522183 
2.523486 
2.52478 5 
2.526081 | 2 


— a nmennmmamnm—————e 


2.5 28660 
529943 


2.532500 
2.533772 
2.535041 
237385 
2. 53750 
2.538 
2:340079| 


2.541330 
2.542576 
2.543820 
2.545050 
2.546256 | 
2.547529 
2.548758 
2.549904. 
2.551206 


2.552425 
2.553640 


Fr 
2.500785 


2.503518 


FE Seng | 


2.527372 


2.531223 


2.499550 
2.500922 


2.505014 


2.599068 
2.311750 


2.514415 


2.5 17064 
2.518382 
2.519694 
2.521007 
2.522314 
2.523616 
2.524915 

2.5 26210 
2.527501 
| A 528788 
2.530072 
2.531351 
2.532627 
2.533899 
2.525167 
2.536432 
712537693 
52.538951 
2.541454 | 125 
2.542701 
2.543944 
2.545183 
2.546419 
2.547632 
2.548881 


2.552546 


113 


2.553702 


2.502290 
2.503654 


2.506370 
2.507721 


2. 5130844 


2.515741 


2.550106 | 
2.551328 


398 


2.5 53883 


2.5 56302 
2.557507 
2.558709 
2.559907 
2.561101 
2.562293 


66 | 2.563481 


2.564666 
2.565848 
2.567026 
2.568202 
2.569374 


2.570543 


2. 582063 


2.585461 
2.586587 
2.557711 
2.588832 


2.555094 


2.553003 
2335215 
2.555423 
2.557027 
2.558828 
2.560026 
2.561221 
2.562412 
2.563600 
2.564784 
2.555966 
2.567144 
2.5683 19 
2.569491 
2.570660 
2.571825 
2.572988 
2.574147 
2.573303 
2.570454 


2.579754 
2.579898 


6 1 2.581039 


2.582177 


2.583199 2.583312 
2.584331 1.584344 


250 5573 
2.5 57023 
2.587823 

2.5 889442 


2.38990 2.580061 


2. 591065 
2.552177 


2.596597 
2.597695 


2.599882 


290 | 2.600972 
300 | 2.602060 


2.593286 


2.594392 
2.595496 


2.598790 


2.590176 
2.592288 
2.593397 
2.594503 
2.595606 
2.596707 
2.597305 
2.598900 
2.599992 
2.601082 


2.554126 
2.555336 
2.556544 
2.557744 
2.558948 

2.560146 
2.561340 
2.562531 
2.563718 
24564903 
2.566084 
2.567262 
2.568436 
2.569608 
2.570776 


2:577607 | 


2.602168 


2.571742 
2.573104. 
2.574253 
2.575419 
2.576572 
27721 
2.57 
2.570012 
2.581153 
2.582291 
2.583452 
2.554597 
2.585656 
2.586812 
2585833 
559055 
2. 580173 
2.591287 
2.592399 
2.593505 
2.594613 
2.595717 
2.596817 
2.597914 
2. 599009 
2.590101 
2.601190 


2.602277 


2382. 
245565 
2547968 
2.559063 
2.560265 
2.561459 
2.562650 
2.563837 
2.565021 
2.566202 


2.567379 
2.568554 
2.569725 
2.570893 
2.572058 
2.572220 
2.574379 
2.573534 

2.576687 
2-577536 
2.578982 
2.580126 
2.581267 
2.582404 
2.583539] 2 
2.534670 \2 
2.585799 
2.586925 
| 2.588049 


2.590234 
2.591398 
2.592510 
2.592618 
2.594724 
2.595827 
2.59927 
2.598024 
2.599119 
2. 6002 10 
2.601299 
2.602386 


24554247 


2.563955 
2.565 2.505139 
2.5663 20 
2.567497 
2.568671 
2.569842 
2.57 1010 
2.572175 


2.573336 


2.574494 
42.575650 
2.576802 
2577951 
2.579097 
2.580240 
2.581381 
ce 18 


2.589167 


5 e 


2.58 155 
2.587037 
2.588160 
2.589279 
2.590395 


2.591510 [11 


2.592621 


2.593729 
2.594834 


2.595937 | 


2.597037 
2.598134 
2.599228 
2.600319 
2.501408 


2.500494 100 


| \ 
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No. 


| 


2.560504 
2.561697 
2.552887 
2.564074 


52.575765 
2.575917 2.577032 
2.573065! 2.578181 
2.579212 2.579326 
2.580355 2.580469 
2.58 1495 2.581608 
2.582631 2.582745 

2.583765 2.583879 
2.584296 2.58 5009 | 2.585122 
2.5 86024 2.5 86137 
2.587145 2.587252 
2.588272 


2.569959 


2.554459 
2.550 

458200 
2.559308 


2.565257 
2.566437 
2.567614 
2.568788 


2.571126 
2.572291 
2.573452 
2.574610 


2.557026 


2.560624 
2.563006 


2.566655 


Eo from 1 to T0000. 
; | 


6 43.0 

2.554610 25472 1 
2.555820| 24555940 
2.55) 140 
2.558348 
2.559548 
2.561936 
2.563125 
2.564311 
2:565494 
2.567849 
2.559023 
2.570193 
2.571350 
2.572523 
2.573584 
2.574841 


2.558228 
24559423 


2.5618 17 


2.564292 
2-565375 


2.567732 
2.568905 
2.570076 
2.571243 
2.572407 
2.573558 
2.574726 


2.589291 
2.590507 
2.591621 | 
2.592732 
2.593840 
2.594945 
2.590047 
2.598146 
2.598243 
2.599237 
2.600428 
2.601517 


2.602602 | 2.602711 2.602519 


| 


2.575880 | 2.575996 


2.577147 | 
2.578295 


2.536250 | 
2.587374 


2.588384 2.588496 


2.579441 2.579555 
2.580853 2.580697 
2.581722 2.581836 
2.582858 2.582672 
2.583992 2.584105 2584518 
2.585235 2.585348 
2.58647 5 
2.587599 
2.588720 


2.589503 2.589614 
2.590619 2.580730 
2.591732 2.591843 
2592843 2592954 
2.593950 2.594061 
2.59505 j 2.595165 
2.596157 ; 2.596267 
2.597256 ; 2.597366 
2.593353 | 2.598462 | 
2.599446 2.5996 
2.600537 2.606646 
2.601625 2.501734 


F 

2.554852 
2.556061 
2.557266 
2.558469 
2.559667 
2.560863 
2.562055 
2.563244 
2.564429 
2.565612 
2.566791 
2.567967 
2.569140 
2.570309 
2.571476 
2.572039 
2.573800 


2.574957 
2.576111 


2.577262 
2.578410 


r 


A 
. 
2.554973 

2.556182 
2.557387 
2.558589 
2.559787 
2.560982 
2.562174 
2.563362 
2.564548 
2.565720 
2.566909 
2. 5680841 
2.559257 
2.570426 
20571592 
(96272797 
2.573915 
2e57 5072 
2.576225 
2.577377 
2.578525 
2.579669 
2.580811 


2.586362 
2.587486 
2.588608 
2.589726 
2.590842 
2.591955 
2.593064 
2.594171 
2.595276 


2.599572 
2.595065 
2.600755 
2.601843 


2.502928 


2,58 1950 
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1 g 25. HANEY 
i87 2.687975 2.688064 | 2.688153 | 2.658242 | 2.688331 | 89 e 
488 2.688865 2.688953 2.689042 | 2.689131 2.689220 89 „ 
489 2.589753 2.689841 2.689930 | 2.690019 | 2.690107 | 89 e 
490 2.690639 2.6907 27 2.6908 16 2.690905 2.690993 | 89 {x 40M 
491 | 2-691523 | 2-691612 2.691700 | 2.691788 2.691877 88 e 
492 2.692406 | 2.692494 | 2-692583 | 2.692671 2-692759 | 88 Wl 
493 2.693287 2.693275 2-693463 | 2.693551 |2-693639 | $8 Na 
494 2.594166 2.594254 2.694342 2.694430 2.694517 88 1 
495 2.595044 2.695131 2.695219 2.695306 | 2.695394 | 88 N 
496 | 2.695919 2.696007 2.695094 2.696182 | 2.696269 | 87 | i 
497 2.66793 2.596880 2.896968 2.697055 2.597142 87 1 | 
498 | 2.697665 | 2.697752 | 2-697839 | 2.697926 | 2.698013 87 1 
499 2.698535 2.598622 2.698709 2.698796 | 2.698883 87 e | 
500 2-699404 | 2-699491| 2.699578 2.699664 | 2.699751 | 87 {OS NOR. 
501 2.700271 2.700357 2+700444 | 2.700521 2.7006 17 87 900k Þ 
502 | 2.701136 2.701222| 24701309 | 2.701395 | 2.701482 86 en 
503 2.70 1999 2.702086 2.702 172 2.702258 | 2.702344 86 i 
504 2.702861 | 2. 702947 2.703033 2.703119 | 2. 703205 86 e 
5052.703721 2.703 807 2.703893 2.703979 | 2.70406 5 86 1914 1 
506 2.704579 2. 704665 2.704751 | 2.704837 | 2.704922 86 l 
507 2.705436 2.705522 2-705607 | 2.705693 | 2-705778 88 {2008 
508 2.706291 | 2.706376 2.706462 | 2.706547 | 2.706632 | 85 inne 
509 2.707244 2.707229 2.707315 | 2. 70 400 2.707485 85 — 14 
510 2.707996 2.70808 | 2.708 1662. 708251 2.708336 85 © $160 
5112.708846 2.708931 | 2.709015 | 2.709100 | 2.709185 35 | 1 
5121 2.709694 | 2.709779 2.709863 2.709948 2.7 10033 85 N 
5132.710540 2.710625 2.719710 | 2.710794, 2-7 10879 85 N 
5142.711385 2.7 11470 2.711554 2.711638 2.711723 84 1 
5152.712229 2.7 12313 2.712397 2.712481 2.712565 84 — 1 if 
516 2.713070 2.713154 2.713238 2.7 13322 2.713406 | 84 IBM 
617 | 2.713910 | 24713994 | 2-714078 | 2.714162| 2.714246 | 84 311 
518 2.714749 2.714832 2.714916 | 2.7 15000 2.7 15084 84 WE NEW 
$19 | 2.715586 2.715669 2.715753 2.715836 2.715920 | 84 1 
5202.716421 [2.7 16504 2.717588 2.716671 2.716754 | 83 N 
5212.717254 [2.717338 2.717421 | 2.717504 2.717587 | 83 r 
522 2.7 18086 2.718 169 2.718252 | 2.718336 2.718419 | 83 111 
5232.718917 [2.7 19000 2.719053 | 2.719165 | 2.719248 | 83 11 
524 2.719745 2.7 19828 2.719911 | 2.719994 | 2.720077 | 83 4 | 
525 2.720573 | 2.720955 | 2.720738 | 2.720821 | 2.720903 | 83 „ (| 
$26 | 2.721398 [2.721481 2.721563 | 2.721646 | 2.721728 | 82 87 i 
627 | 2.722222 | 2.722305 | 2.722387 | 2.722469 | 2.722552 | 82 06% | 
528 2.723045 | 2.723127 2.723209 | 2.723291 | 2.723374 | 82 11 | 
529 | 2-723948 | 2.723948] 2.724030 | 2.724112] 2.724194 | 82 a3Þ. | 
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from 1 to 10000. 
A HE. 3 . 
2.72458 5 2.724768 2.724849 2.72493 1 2.725013] 82 
2.725503 2.725585 2.725667 2.725748 2.725830] 82 
2.726320 | 2.726401 | 2.726483 | 2.727564 2.726645] 824 
2.727134 | 2.727216 | 2.727297 | 2-727379 | 2-727460} 81 
2.727948 2.728029 | 2.728110 2.725191] 2.728273| 81 
2.728759] 2.728841 2.728922 | 2.729003 | 2.729084 | 81 
2.729570 2.729651 [2.729732 |2-729813| 2.729893 | 81 
2,739378 | 2.730459 2.730540 | 2-73062L1 2.73070 8x | 
82.731186 2.731266 J 2.731347 | 2.73 1428 2-731508| 81 
2.731901 2.732072 | 2.732152 2.73 2233 2.732313 81 
2.732798 2.732879 2732878 2.733037 2.733177 80 
2.733593] 2.733679 | 2-733759| 273339 2733919 80 
2.734400] 2.734480 2.734560 2.734640 2.734720 80 
2.735200 2-735279 2.735359 2735429 2-735519] 80 
2.735998 2, 736087 | 2.735157 2.736237 2.736317 80 
2.736795 2.736874 2.736954 2.737034 2.737113 80 
6 | 2-737950] 2.737670 2.737749 2.737829 2.73798 79 
2.738384 2.733463 2.738542 2.738622 2.738701 79 
2˙738 177 2.739256 2.739335 | 2-7394141 2739493 | 79! 
247399565] 2.740047 | 2.740125 2.740245 | 2.740284 79 
550] 2:749757 2.740836 | 2.740195 2.740994 2.741073, 
2.741546] 2.741624 | 2-741703 | 2-741782 | 2-741360 | 79 
2.742332 2.742411 2.742489 2.742568 2.742647 | 79 
32.743118 2.743196 | 2.743275 2.743352 2.743431] 78 
5542.743092 2.743980 2.744053 2.744136 2.744215 78 
2.744684 2.744762 | 2.744840 2.7449 19 2. 744997 78 
556 | 2:745465 | 2.745543 | 2-745621 | 2.745699 2.745777 78 
557 | 2.746245 | 2.746323 2-746401 | 2.746479 | 2-746556 | 78 
559 | 2.747023 | 2-747101 | 2-747179 | 2.747256 1 2.747334 78 
559 | 2-747800 | 2.747878 | 2.747955 | 2-745033 j2*748110 | 78 
560 2.748576 2.748553 2.74873 12.748808 | 2.743885 | 77 
[ [321 [2:749359 2.249427 2.749504 | 2749592 | 2:749659 | 77} » 
562 | 2.750123 ] 2.750200 | 2.750277 2-750351j 2.750431 | 77h | 
563 | 2.750894 | 2.750971 2.75 1048 2.751125 | 2.751202 | 77 
564 | 2.751664 | 2.751741 | 2-751818] 2.751895 2.751972 771 
565 | 2.752433 | 2.752509 | 2.752586 2.752663 2.752740 77 
9662.753200 2.753277 2.753353 2.753430, 2.753 506 77 
597 | 2.753966 | 2.754042 | 2.754119] 2.754195; 2.754272 77 
553 | 2.754730 | 2.754307 | 2.754883 2.754950; 2.75 5036 76 
2-755494 | 2.755570 | 2.755046] 2.755722 2.755799] 76 
570] 2.756256] 2.756332 | 2.756408 | 2.755434: 2.759560 76 
5711] 2.757016 | 2.757092 | 2.757168 | 2.757244; 2.7573 20 76 
$12.2.757775 | 2.757851 | 2.757927 | 2.238003 2.758079] 26 
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2.774590 
2.775919 
2.776047 
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2.777499 
2.778224 
2.778947 
2.779669 
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2.781109 


2.78 1527 
2.782544 
2.783260 
2.783975 
2.784689 
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2.786822 
2.787531 
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2.781181 
2.781899 
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2.788210 


2.2820 L 6! 


—: — 
7 


1 


2.758382 
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2.765147 
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2.778368 
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2.784189 
2285875 
2.785615 
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8.24185 5 9:999934 8.24192 L I 1.753078|10.000066 b 7581456 
1 9249339999932 8.249101 1.7 50898010. 0000681 1.7 50967 59 
2 | *256165|11.743835|10-000071!114743906|;8 
3/8-263042,9-999927 $.263115\11.736885|10.000073 114736958 57 
4:8-269881-9.999925[9+269956|1 1:730044110.900075 11.730119 
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166 A Table of Artificial Sines. 
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S] Sine Tan Se cant 
5 0 g. . 


9.999922 * 64 11.723399 10.000078 11.723386 
33323|11.7 16677 10.000080 11.7 16757 
11.710144ʃ10.000082 11.7 10227 
296207 9.9999 1566.296292 11.70370 f 10.000085 11.703793 
1392546 19.9999 1215-302633 
108.3087949. 9999 05.308884 
8.314954 
8.321027 


— —— — —————————— 


9.999882 


— — CTIA 


4 


— —-— ——— 


70 


| 


L 1.697366 10.000087 11.697441 
11.691 110 10. 000090 I 1.691206|;9 
9.999907, ·3 150461 1.6849 5 
9.99 99058. 32112201 1.67887 8010.000095 11.67 
9.999 9028.32 1141 1.67 288610. 0000981 1.67 2984 
9.999899 8.333025 11.666975 10.000 101f 1.567076 
7508,33 87 53 '9-999597[5-338556/11.6611 
8.344504 9. 99989 34460 11.555389 10.000106. 11.655 49644 
8.350 1909.999897 8.350289 1 1.6497 100 10.000 109ů 1.649819 B 
i $.355783/9-999888 8.255895|11-644105|10.0001 1201 164421600 
9.99988 588-36 1430 f 1.638570. 10.0001 151 1.63 868500 

$.366894/1 1.533 10510. 0001181 1.633 22300 
2108.372171 9. 9998796 -372291 11.527708. 10. 0001 211 1.278299 
228.2774999. 9987683775221 1.62 2378010. 0001241 1. 62250160 
238.3827529. 999873· 3828891 1.6171 110.0001271 1.6 172385 
248.3879626. 9998 7088.3 880921 1.51 190.10. 0001 3011.612038 36 
258.393 1019. 9998678.393 2341 1.067660. 00013311. 5068993 
| I1:601685|10.000136]11.60182134 
11.595662[10.000139|11.596501!'; 
9.999858 8.408304 11.59169610.000142ʃ1 15918392 
99985 45-41 213 11.586787 10. 0001401 1.58693 251 
99985 112-41 11.581932 10.0001 4 11.820810 


Sine. | Tang. - Secant. | 


| 
55 
54 | 
9 | 
52 


10.000093 —— t5 
97344 


10. o00 10301 1. 66 12471 | 
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| 1 Degree. | 0 
Tang. | Secant. | 
08.4179 1 8 8.4180681 1.58193 2110.000149 N 8 | 


118.4227 17. 9998488.422869 11.577 13 1110.000152114577293 2% 
198.4274629. 999844084276 181 1.57238 210.0001551 1.572538 28 
36.432155 .999 8418.432315 n ee 10.000 1591 1.567844 27 
48.436800. 999 8388.435962 1.56303 8/10. 000 1621 1.563200 26 
8.44139 999834 8.4415 11.558440 10.000166ʃ11. 555606 25 
608.4459419. 99983 108.446 1101 1.553 89010. 0001691 1.554059 24 
9.9 998278. 4506 121 1.5493 87/10. 0001731 1.549560 23 
9.99982308.45 5070/1 1. 544930010 0017611. 545107 22 
$.459481]1 11.540519 10.000 180 11.540599 21 
98.463665 9.999816 8.463849 11.536151 70.000184 11.536335 20 
e ee 8.468 17211 1.531827 10.000187 T1. 532015 19 
| 9.99950913-472454]1 1.527 5460.000191 1.527737 18 
5498 9-99980548-476693111.523307]10.000195|I1. $23502,17 
. 93 9-9 99980118.480892 I 1+5 I9 IOS[LO.0c 10.000199]t1. 11.319307 16 
55 5.484848 9.99 9797,8-48 50501 1.5149 49.10. 000203f1 1. 515152015 
4618 488963, 9.999793ʃ8.489 1701 1.5 10830[10.000206}11.511037{14. 
98.493040 9. 9997908. 4932501 1.5067 500.0002 101 1. 50660013 
8.497078 9.9997 8608. 497 29311. 5027070. 0002 1401 1. 502922012 
8. $010809-999782 8.501298 11.498702 10. 0002 18 1149892 11 


8.505045 9.99977 888.5052671 1.494732 10.000222]11 494955 10 
8. 5089749. 9997748. 5092001 1. 49080010. 0002261 1. 49 102 

$28.5 12867 8.299785 8.51309 811.4869020. 0002301 1.487133 
638.5 167269.9997 4 WL 1 1-483039110-000235}11.483274 
5418-52055 1]9-99976118-520790[11-47921 — 479449 


55 58.524343 9.599757 A 11.47 5414/10. 0002421 1.475657 
96.528102 9.59755 e 349 1.47165 110.0002471 1.47 1898 
78. 52182$19-9997483;38-532050]11,467920 — 11. 46817 
83.335523 9.998744; 5357791 1.46422 110. 0002381 1.46447 
598.5391869. 9997 408.5394471 1.460553 10. 00260 11.4608 1 
60 8.5428 190. 99973 58.543084 . — 1 1-457 1 
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| Sine. Tang. Secant. 
| | | - Degrees. 4 | 
_ — - "TT 25 eee 


Tut 


A Table of Artificial, Sines, 


2 Degrees. 


9.599735 
9.999731 
 218-549995]9-999726 

38.553539 9˙999722 

$.557054]9:999717 


7138-56743 119: 
8.8.5708 369. 999699 
948.3742149. 29594 
108.5775 669. 999689 
1118.5 8089 29.999685 
128.584 1939.999680 


$13.564291111.435709 


Tang. 


8.54669 111.45 3309 
8.5 5026801 1.449732 
8.5 538171 1.446183 
8.557336 11.442664 
8.5608 28t 1.439172 


8.567727111.432272 


8.5 430840114569 16 10.00026 fr 1.45718; 6 


Secant. 


10.000269 111.4535785 
10.000273 t 1. 450005 58 
10.0027 81 1.446461 5 
10.0028 301 1.442946 56 
10.000287 m 1. 439460 55 
10.000029 211.4360015 
10.000 2961 1.432669 53 


8.5711 3711.428863 
8.5 745 201 1. 425480 


15|8.593943]9-999665 


19 $.606623 


8.612 


2518.624965 
2668.627948 
278.6309 11 
1288.633854 
2908.636776 


8.63968 019.9995 36 


19 2.828645 8.506978 ——— 
20 452285 9. 99964008. 6 100941 1.389905 
239.99963 508.61318911.3868 11 
8.61389 19.999629 08.6 16262U11.383738 
23 $.61893719-999624($,61931 301 1.380687 
2468.621962 9.999618 8.622343/11.377637 
9.9996 1448.625365 2111.37 4648 
9.9996088.6283 4001 1.371660 
9-9996031[8.631308|11.368692 
9.999597 A 11.365744 
9-99959218.637184 


| 


$.587794|[1.412206 


— — — — — 


$.594283|l 1.405717 


8.591051 1 1.405949 10.000330 11409279146 


1618.59715249-999660{8.597 49211 1.402508; 
1758.650033 219-999 5558.500677 
488.5034899. 9996508.6038 3911.396161 


11.399323 


11.362315 
8.640093 1 1.359906 


Tang - 


8.5 778771 1.422 123010. 0003 111 1.42 2434 
8.58 12051 1.41879 210.0003 15/11. 419 1080 
8.5845 14; 1.415486 fo. 0003 2001 1. 4158074 


10. 00030 1011.429164 52 
10.00030411:42573641 


10.000325|11:4125 3114) 


10,00933 511. 40605 2145 
10. 0003401 1. 4028480 
10.000345 [1.39966843 
10.000350[11.3965 1142 
10.000355[11-2933774 
10. 00036011. 390266 4 
10.00036511. 38717635 
10.0007 101 1.384 109538 
10.000376 1. 3 8 106337 
to.oo038 111. 37803836 
10.000386 1.37503 533 
10.000392 1.37205 24 
10.000397 1.369089 3} 
10.000403 1 1.366 1 4.6132 
10.000403{[L 1. 363224431 
10.0004 1301 1. 3603 20130 


5 Secant. 


IN 


87 Degrees. 
— 
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Tangents and Secants. - 


— T@»—_— 


2 Degrees. 


Sine. 


8.653911 
8.656702 
6.659475 
$.662230 
$.664968 
018:667689 
16.670393 


2 


8.675751 
48.578405 
368.68 1043 
68.683665 
78.686272 
818.688 86 

98.59143 


08.693998 
108.69 6543 
28.699073 
36.701589 


78.711507 


$,.639680,9-9995 86 
$,.64256319-9995 81 
$.645428[9+999575 
8.64327 419-9995 70 
$.65[102[9-9995 


213.67 3080 


58.796577 
608. 709049 


98.713952 
9 8.716383 
5008. 7 18800 


Tang. 


8.64009 3011.359907 
8.64298 2ʃr 1.357017 
8.64585 301 1.354147 10.000425 
8.648 7041 1.35 1296 10.000430 
640855152711. 348462 10. 000436 
9.9995 588.6543 5211.345648 
9.99955308.657149/11.3428 51 
9.999547 9.65992811.24007 2 
9.99954 18.662689 
9.999529 8.668 160 
9.9995 2408.670870 
9.99951888.673563 
9.99951208.676239 11.323761 
9.999506 08.578900 


Secant. 


1 


55 ů Do CRY 


10.000413 


11337311 
14334557 
11.331840 
11.329130 
11.326437 


11.321100 


10.000442 
10.000447 
10.000453 


10.004591 


10,000465 


7 
11354572128 
11.351726 27 
11.348 898026 


0 t. 346089 25 


10.000 470 


9.599500 1544 
9:999493]%-684172 
9-99948715.686784 
9.9994 $1]3-63938 101 
9 999475 $.691963:11,308037, 


11.318456 
11.315828 
11.313216 
11.310619 


9.999456 
9.999450 
9.29442 


9.9 994698. 694529 
9.99946 208.69708 I 

8.699617 
$.702129 
8.704646 


[1.305471 
11.302919 
11.300383 
11.297861 
11.295353 


9.999431 
9.999424 
2.24 18 
9.999411 
9.999404 


Sine. 


8.707139 
8.709648 
8.712083 
8.714534 
8.7 16972 


8.719225 


11.292860 
11.290381 
11.287917 
11.285465 
11.283028 
11.280604 


10. 00047601 1.329607 
10. 0004821 1.3269 2001 
10. 00488 11.324249 
10. 000494J11.321595 


10.0005 0011. 3 18957 


10.000506 
10.0005 13 


10.0005 1911.311137 


10-0005 25 


11316335 
11.313728 


11.308562 — 


10.000537 
10.000544 
10.0005 50 
10.0005 56 


II. 306002 
11.303457 
11.300927 
11.298411 
11.296910 


10.000563 
10.0005 69 
10.0057 
10.000582 
10.0005 89 


11.293423 


11.290961 
11.288492 


11.286048 
11.283617 


10.000596 


Tan 8. 


11.281 


Secant. 


87 Degrees. 


— ane 
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170 


— X Fit of Artificial Sines. 


3 Degrees. 


1 — 


2-999404 
9.99939 
2 12257 


318˙ 725972990384 
8.2283370N.229378 
556.7305889. 999371 
| 618.73302719-999364 
71473535 319+999357 


Tang. 


— — 


8.72658 

8.728959 
8.731317 
8.733663 
8.735996 


| 815.7 3766719+9993 50 


11 5.744335˙59932 
1 2]9-74580119-999322 
74905 5.99931 


760151 9.99927 


7645119999265 
2168.766675 9.999257 


2506.775223 9.999227 
2648.777233 9.999220 
27 8.779434 9.999212 
28 8.781524 9.999205 


1445.271297 9.999088. 


8.738317 
8.240526 


8.754227 
8.75645 
8.7 5 866 


2 «768827 9.597250 
2358.770970 9-999242; 
8.773101 9.99923 58.773866 


2908.783605 9.999197ʃ5 
2888825 9:999139,3-786486111-213514,10.000811 


Sine. 


8.760872 


98.762337 9.9992728.763065 


8.765246 
8.767417 
8.769578 
8.771727 


8.775995 


8.778114 


8.780222 
8.782220 
784408 


8.719396. 1. 280604 

88.721806 

8.7 2 1.275796 
| 


Tang. 


; Secant. 


11.278194 


11.273412 
11.271041 


11.266337 


I 1.264004, 
I 1.261683 


11.250374 
11.257078 


11.254793 
11.252521 


10. 00063 
10. 00643 
10.000650 
10.0006 57 
10.000664 
10.000671 


| 
| 
| 


11.2480 110. 00692 
11. 24577310. 000699 
11.243 547 10.000706 
11.241332 10-0007 13 
1 1.239128/0.000721 
11. 23693 5 10.000728 


11-2347$3/10.000735 
11.232582,10.000743 
11. 230422ʃ10. 0007 50 


11.22827310. 000758 
11.226133 10.000765 


11.22400510. 000773 
11.221886 10.000780 


11.2 1977 8/10. 00788 
I 1.217050 10.000795 
L1.215592,10.000803 


10. 0056961 1.28 120050 
10. 0006021 1.278796 
10.000609 1. 276405 
10.0006 1601 1.274028 


10.000622 11.224663 
— . j——l— 5 56 
11. 26868310. 0005291 1. 2693 120. 


11.255464 
10.000678 11.253 198 
0 11. 25026010. 000685 


$5143 
j1 14239849 42 


1 1-226899;36 


11.266973 


11.264646 
11.262332 
11.260031 


1125774100 


11.246472 45 
11.2442953144 
11.242045 


11.237663 41 
11.235489 4 
11.233329 
11231172038 
11.229030 37 


11224777535 
11.222667 34 


11.220566 33 
11.218476 32 
11-216395'31 
11.214325 30 


Secant. 5 


86 Degrees. 


=| « 
|? 
398-7 
3118.7 
3215.7 
3308.7 
8e. 
7 
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Tangents and Secants. 


3 Degrees. 


999134 
9.999126 
9.999118 
299 110 
9.99 


9.999086 
442:213000 9.999077 
4518-815598'9.999069 
8.8 17522 9.999051 
4713319436 9.999052 
49.821342 9.999044 
49]8-323240 9.999026 


5058.825130 9.999027 
51.827011 9.999019 
528.8288849. 999010 
5366.830749 9.999002 
3.832607 9.998993 
5.324456 9.998934 
5.835297 9.998976 
8.538 120 9.998967 
8.839956 9.998958 
8.541774 9. 998950 
5543534 9.999941 


Sine. 


8.7906 13 
8 


9102 8.808717 


l 3.310683 
$19-99909 8.812641 


8.8 14589 
8. 820384 


8.826 103 


8.82799 
8.82987 


8.835471 
8.837322 1 
8.839163 


Tang. 


8.786486 
8.78854 


—— 


11.2131 


8.792662 


8. 800 
8.8027 


8.8047 58 
8.806742 


3.816529 
8.818461 


8.822258 
8.824205 


: 


| 


9.831748 


8.840998 
8.842824 


11.195242 
3 
11.191283 
11.189317 


11.187259 
11.185411 


— — 


F, 10.0008 11 
11.211446 


11.209387 
11.207338 


29479111. 205299 


Secant. 


10.0008 18 
10.000826 
10.000834 
10.000842 
10.0008 50 
10.0008 58 
10.000866 
10.000874 
10.000882 


10.000890 
10.000898 
10. 000906 


| 
| 


11.214325 
11.212264 


1121021328 
| 27 


L1-208172 
11. 206141 


11.2041 19 
11.202106 
11.200 103 
11.198 108 


11.196124 


11.194148 
11.192181 
11.190222 


10.0009 14 
— 


11.188274 
1 1.186333 


11.181539 
11. 1796 16 
11.17 702 
11.175795 
11.172897 
11.172008 
11.170126 
11.168252 
11.1653 87 


10. 00093 111 1.184401 


10.000971 1. 17487 
10.00098 111 1. 172989 


10. 009 S1 I, 171116 


10. 009d 1. 169250 


10.00 1007/1. 167393 


11. 164529 
11.162679 


11.160837 10.001033 11. 161870 


11.159002 
11.157175 


11.155356 


5.844644 


5 


4 


| 


Tang. 


10.001015]11. 165544 
10.00 102401 1. 163703 


10. 00104211 1. 150044 
10.001050 1.1582 
10.001059 1 1. 156415 


Secant. 
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30 
22 


26 
25 
24 
2 
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A Table of Artificial Sines. 


_—_— 


Tang. 


56.852524 
65.854290 
7058.856049 
88.357801 

95.859546 


9.998932 
9.998923 


9.998941 8.844644 11.1553 56 


„ 


| 


10.001068 


8.845455 11.153545 
8.348260 1 1.151740 
9. 9989 14) 


— 


9.998896, 
0.998887) 


8.851846 


— —vJ½¼- —— 


1018.561283 
1148.863014 
1248.864738 
I 38.868454 
1488.868165 
1518.869868 
4168.871565 
178.3873255 
1808.874938 
196.8766 15 


99885 18.86243311.137567 
9.99884 118.8641721 1.135827 
9.99883 28.865905 11.134094 
9.99882308.8676 321 1.132368 
9.998813 3.86935 1 11.130649 
9.99880 8.87 106 11. 128936 
9.99879 58.872701 1. 127230 
9.99878 558.874469]11.125531 
9.99877 668.876 162111. 123838 


2088.878285 
21 8.879949 
22 8.881607 
23 8.883258 
24 8.884903 
25 8.885542 


5. 99876665.8778 4911.122151 


9.998757 8.879529 11.120471 
9.998747 8.88 1202 11.1 18798 


10.001077 


10.001131 
10.001140 


Secant. 


10.00 1059 11.1564 15060 
11.154513 
| [1.152817]; 
8.850057 11.149943;10,001086 11. 15 10295 

11.148154 10.001095 11. 149249 
8.853623 11.146372 10.001 104 11.147475 
8.855403 1. 144397 10.001113 11. 145709, 
9.998878 8.857 171,11. 142829,10.00 1122 11.142951 
9.998869 8.858932 11.141068 
9.998808. 850686 11.139314 


11. 142199 
11.140454 


10.001 149 


10.001177 
10.001186 


10.001159 
10.001168 


11.138717 


11.133345 
11.131835 


11. 13698604 
11.135262 


10.001196 
10.001205 
10.001215 
10.001 226 


10.00 1243 
10.001253 


9-998737[9-83236gj 11.117131 


9.99872868.8845 3011.115470 
9.9987 188.8861851 1.113815 


9.998708]8. 5887833111 112167 


6 


1 


29 8.893035 


26,8.888174. 9.99869 
27 $.889801;9-993689 
23 8.891421:9-998679 


3008.894643 9.99865 


98.988947 


6/1 1.110524 
8.891112 


1 1.108888 
8.892742 


8.554266 11.105634 
988975984 11.104018 


N 


998669 


Sine. Tang. 


11.107258 


10.001262 
10.00 127 


| 


10.001 28211 1.115097 


10.00 119 

10.001301 
10.001311 
10.001321 
10.001331 
19-001341 


11.130132 
11.128435 
11.126745 
11.125062 


11.123389 


11.121715 
11. 12005 1 
11.118393 
11.116742 


11.113458 
11.111826 


11. 110199 


11.105357 


11.108579 3A 
11.105965 I 
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Sine. | | Tang. ] | Secaut 


3008. 894643099986 598.89 598411 I-ILO4016[Oo.00134L 11.105357 2 
3118.896245|9-998645[3-897 5961 1-102404$10.00135 1|11-103754]ag 
3213.89784219-998639 8.289805 11. 1007970. 0013611 1. 102 15828 
3308.899432. 9986298. 9008031 1.099 19710. 00137 111. 10056 8027 
3418-9010 179.9986198. 90239811. 0970210 00138 1 1. 098983026 


35 8-902 59 p-998605]h 8.902987 f 1. 09601310. 001391 11.097404 25 
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10.770993. 10.006 146 10.777 139 
10.770226 10.006 168 10.776329 


10 
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10.767935 10.006222 10. 774167f19 
10. 61740. 008254010. 342718 
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-23967019.99335 119-2463 1910.753681 10.006648[10.7603 30.00 
15. 2403 869. 9933 29.247057 10.75 2943010. 00667 110.7586140) 
I P. 241101. 993307. 247794010. 7 5 22010. 006693110. 7 588990 
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12.248 18 1.99308 19.255 10010. 744900 10.0069 19 10.75 18 1900 
1310 24335319-993959 2255324110.744176 10,00694 110.7511 17447 
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23.25 5834.99 28299. 26300510. 36995 10.005 17 1 10.744166 
249.2565239. 9228009. 2637 1710.736283 19.007 194 19.243477 3 
25 . 58.882785 844298725 7210.007217 10.742789 1 
250 3575.852736 9.265847 8 520 ee 10741417 33 
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9.2613 1419-9926 43;9.26867 1110.73 1729110007347 10.7386861]29 
9-26199419-9926 19 9.269375|[10.730625]10.007381 8 
9.26267 39.992596 9. 27007710. 129923010. 007 4041073732727 
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49. 2720630. 992263. 279801 0f0. 7 2019910. 077370. 7 27936013 
689.2727269. 9922389. 2804880. 719 512110.007761[t0.727 27 41 
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10.01 1044ʃ10.6523 13 8 
5889279.3 59313 10.640687 10.01 1073}10-65 £760 
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35.3 7080 9.987679 9.383 128110. 61687 110.0123211 10.629192 25 1 
369.37 1330.987649 9.3 83682010. 163 18 8 10. 62867024 16 
37.371852 87618 9.38423 10.615766 10.012382 10. 628148023 1 
389372373 987588 9.384786 10.6152 14.10.0124 12110.627626ʃ22 
39]9-37289419-9875 57 9-355337110-614663[10.012443110.627 10621 
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22 9.52063 119. 24557 9.545928. 45407 
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| 99-5 15930,9-975277 [9+549653[10-459347110-024723 10-484070 1919-5 26 
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10.026602 
10.026648 


735 
10.02669310.4683 3 


10.02675 5110.467688 
10.026831110.467339 
10. 02687610. 466991 
10. 026922110. 466643 
10. 026968 10.466296 x 
10.022014]10. 465648 


Secant. 


U 


1 


70 Degrees. 


A Table of Artificial Sines, 


4 ow 


. eee — . _ 
20 Degrees. E 
| | | | 1 6 

5 Sine. | Secant. Su 
OY 1 | 
99.534052 10. 027014110. 46594800 
| 119.53439 10.438541]10-0270610.465601|;; 
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10.456351 
10. 45601 
10.455675 


10.4570 295 


; 


; 
| 


L 
0 


Secant. 


— ww 


AE 


— . — 


Tangents and Secants. 0 
Es Degrees. , 


2 8 2 * rn 15 


0 
— 1 * 


Secant. 


N 
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1090353330 10411711 


30] 


55129 


28 
27 
20 
25 
2/4 

23 
22 
21 


10.0349 1010.414123 
199 


184 
174 
161 


15 
14] 
13 
124 
111 


10.035387119-411410 
10.411110 
10. 4108 10 


W + wn | AN © 


10. 9359741048122 
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A Table of Artificial Sines. 


* 


— 
— 


4.59187 640206 


Sine. 


19-592175 


' 


39.592770 
42.592067 
$[9+593363 
6 
7 9.59395 5 
89594251 


— — 
100˙594842 
1212595137 

9-595432 
1212+595727 
1442-595021 
15 i 
1612-59660 | 
þ719-59690319+993108 
18 9.5 97 196 

2 22248 
205˙597783 962945 
21.598075 9. 9628909635185 
22(9-593363j94952836[9-035532 
22 [2-598660,9-962338 19-53 5879 
2110-59895 219-962727|2-536226| 


| n 
26.599244 9962672636572 
269.599 369.9626 17 9.6369 18 
9.962 5629.637265 
9.962508 9.637611 
4535.637956 

9.638302 
— —— 


27 -599827 
28.500118 
25 3-600409/9.962 
-$3015-5007009» 


9.573659 


5.594547 


9.596315 


263972 
9.963919 
9.963 855 
9.963 811 
9.963757 
9.963704 
9.963650 
9.963 595 
94963542 
9.903434 


94963325 
94963271 
9.963217 


Sine. 


9.963 162 


«963054 
9.962999 


962398 
| 
\ 


| Tang. 


— 
9.627852 
9.628203 
9.628554 
9.628905 


9.629606 


9.630656 
9.63 1005 


9.631354 
9.631704 
r I: 
9.632750 
9.633098 
9.633447 
9.633795 
9-634143 


9.634838 


629255 


10.372148 


634490 


23 Degrees. 


1 


4 


— 


Secant. 


10.03 5974 10.408 122 0 
10.37 1797,10.036028[10.407324 
10.371446 10.036081 10. 40752) 
10.37 1095, 10.036135[10+407230 
10. | 
0.37074) _ 
10.370394 10.036243 
9.529950. 370044 10.036295 
9.630306 10.369694 10.9363 50 
10.3693 4410.03 5404 
10.365995{10-03645: 8 
10.368645 10.036 512 
10.368296 10.036566 
10.367947 [10.036620 


10.367598 10.03667 5 
10. 367250010. 036729 


10.036 18 


10.364811 
10. 3 64469 


N 
10.363428 
10.363081 
10.362735 
10.362389 
10.362044 
10.361698 


Tang. 


10.356690 1010. 036783 
10.3665 5310.026837 
10.366205 10.036892 
10.3658 5710.036946 
10-3655 IOp10.037001 
10.365 1210.03 705 5 
1119 

+ 


10.3641211[I0.037219 


10.037273 
10.0373 28 
10.037383 


10.03760 


jy 
50 
) 
I 0.406933 ; a 


10.405 158 50 
10. 40480306 
10.404568 4 
10.404) 
10.429790 
10.403685 4 
10. 4033910. 
10.403097 
10. 40280 f 
10. 4025 100 
10. 4022170 
10.401925 
10.401632 
10.401340 37 
10. 40 104854 


10.4007 5655 


10. 0374381040017 
10. 03749210. 399381 
10.037547110+39999! 


10. 40046450 
3 


3 
— 


7 
7 
7 
t 
] 


Secant. : 
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Tangents and Secants. 


23 


Degrees. 


419.601 


35.602149 
0 9.002439 
$719-002728 
89.603017 
9.503305 
95.503 594 
15.503882 
2.804 170 
3.504745 
55.605032 
9.505319 
9.605606 
19-605392 
919.606179 


$119.60675 1 
$219.607036 
$319-507322 
5$49-607607 


55 9.607892 


50 9.606465 9.95 12 


9.9612 


50.608 176 


J9 on 29 
p-5093 13: 


9.962398{9.638302 
9.962343[9-635647 
9.9622$8[9.62 3992 
3þ-601570{9.962233[9-039337 
350 9.96217819.639652 
9.9621231[9.040027 
9.96206719-04037 1 
9.96201219-6407 16]10-359254 
9-961957]9-641060 
9.9519029-641404 
9-96184619+0417 47 
9.961791 
9-96173 
9.96 168 
9.96162 
9.961 9235445 463 
9.961513 
9.961458 9.644148 
9.95140219-644490 
9.9613469.644832 


po 174 
359.6455168 
9.961 17919545357 
9.961123 
9-96 1067 
9.961011 
9.960955 
58.608745. 960843 9.647903 
9607 869.6648243 
9860730964883 


Sine. 


Tang. 


| | 


10.361698 


— 


10.361353 
10.361007 


10.360662 
10.3603 18 


9.642091 
59.642434 
09.642777 
49.643 120 


9.643806 


10.359973 
10.359629 


10.3 5 8940 
10.358596 
10.3 18253 | 
10.3 57909 
10.357566 


10.357223 
10.356880 


10.356537 
10.356194 
10.355852 
10.355510 
10.355168 


VLE 


| Secant. | 


10.037602 
10.037657 
10.037712 
10.037767 
10.037822 

10.037877 
10.037933 
10.037988 
10. 03 8043 
10.03 8098 
10.038154 
10. 03 8209 
10.03 8264 
10.03 8320 
10.038375 
10.03 843 110. 394968 
10.038487 
10.038542 
10.03 8598 
10.038654 


—6— —ẽ 


10.354826 
10.354484 
10.354142 


9.646 19 


9-6465 4010.353400 
9.64688 1010.353119 
9.647222010.3 52778 


10.3 53801 


10.2 52438 
10.352097 
10.351757 
10.351417 


Tang. 


10.0387 10 
10.03 8765 
10.038821 
10.038877 
10.038933 
10.038989 
10.039045 
10.039101 
10.039157 
10.039214 
10.039270 


10.372722 
10.396983 
— 
10.396406 
10.396118 
10.395830 
10.395543 
10395255 


10.394394 
10.394108 
10.393821011 
10.393351 

10.39324 
10. 39296 
10.392678 
10.392303 
10.392108 
10.391823 


— 9 


8 


66 Degrees. 
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"A Table of Artificial Sines. 


1 149 


24 Degrees. 


- 


Sine. 


7 


Tang. 
| 


6093 13 
9597 
6098 80 
610163 
9.610446 


5 
6 
7 
8 


9.610729 
9.611012 
9.611294 
9.611576 
9.611858 


10 
11 


9.612140 
9.612421 


1 


1 15 
16 
417 
118 


19 


9.612702 


12.612983 
1409.614264 


613545 
9.613825 
9.614105 
9.614385 
9.614665 


$-614944 


21 


9.907309. 648 5 83 
560674 9.648923 
9.9606 18 9.649263 
9.96056 19.649602 
2.50505 9.649942 
9.9804 489.6 50281 
9.9603929.650620 
3-90033519-650959 
9.9602799.65 1297 
9. 9602229.65 1636 
9.9501659.55 1974 
9. 960109. 6 * 12 
9.96005 29.65 2650 
9.652988 


9.95988 19:65 3663 
9.959825. 654000 
9.9597689.654337 


65 5011 


9-959595(9-655345 
9-95953919-65 5684 
9.9594829. 656020 
9.95942 5.6563 56 


| 


10.351417 
10.35 1077 
10.350737 
10.350398 
9 
10.349719 
10.3493 80 
10.349041 
10.348703 
. 
10.348026 
10.347688 
10.347350 
10.347012 
10.346674 
10.346337 
10. 346000 
10.345662 


10.344652 
10. 3443 16 
10.343980 
10. 343644 


9959367956692 
9.657028 


9 


Sine. 


10.342972 
9-95919519-657699,10.342301 
10.341631 


19.343308 


10.341966 


10.345326 
10.344989 


Secant. 


10.039270 
10.0393 26 
10.039382 
10.039435 
10.039495 


10.039608 
10.039721 
2.839778 
10.03983 

10.03 9852 
10.039948 
10.040005 
10.040062 


— — — 


10.040118 
10.040175 
10.040232 
10.040289 
10.040346 
10.040404 
10.040461 
10.0405 18 


10.040575 
— 
0 0.040690 
10.040747 
10.040805 
10.040862 


10. 40919 


— 

10.390 400% 
10. 3901205 
10.3 8983 9 57 
182898305 


10.0395 52110-35927 165 


10.3 88988054 
10.388706 53 
10.388424 
10.3 88 14261 
10.3 872975 
10.3870 
10. 38673046 
10.386459% 
10.3 86 170 
10.385890 
10. 38 5615002 
10.385330. 
10.38 50500 
10.384777 


10. 38449858 
10.3842 1957 
10.38 394050 
10. 38365256 
10. 38338464 
40. 3 83 10053 
10. 38282832 
10.3825 5061 
10. 38227360 


Tang. 


Secant. 5 


hs 


65 Degrees. 


L Tangents and Secants. 2 
24 Degrees. | 


— CESS 


| Sine, T 0 Secant 


9.517727 9.559023. 8704ʃ10.34 1296.10. 0409771028227 30 
9. 5180040. 958965 TH 10.324096 110.04 103 510-38 1996 29 


9.518 28 1.958908. 659373010.340627.10. 04 109 210.3817 1928 
9.5185589.9588 509. 559708010. 34029210. 041150 10.381442 
9.6 188349.95879 2.55004 2010.339958 10.04 12081035 1166026 
9.619 1109.587349 660370 10.339624 10.04 12650. 380890025 
4.6193$619.95567719-6607 10010. 33929010. 04 1323010. 380614024 
9.6196629.9586 1519-661043[10-335957;10-04138 1010. 380338023 
95951993 89.958 561 9.661377 10.33 8623010. 041 439110.350062]22 
5.6202 1309.958503 9.661710 10.333290 10.041497 2379787 21 
309.6 2048 59.958445 ·562043010.337957f0.04155 5110-3795 12 wy 
119.620763|9.95 8387]»+66237610.337623110.041613110-379237]19 
1219-621035[9.95$3 2919-062709110.337291 10.04 167 1110.375902[18 
1319-6213 1319-95827 119-063042110-336953[10.04.1729j10-378687|17 
449-6215 8719.95 8212]9-063374110-330625110-041787]10-375413116 
1519.62186119.958 15 4]9-663707110-336293110.041846110.378139|15 
409.622 13 5.95 $09619-664035110.335961[10,041904110.377865]1 4. 
4795224099. 95803 $]9-60437 110.33 5629.10. 04 1962ʃ10.377591]013 
489.62268 29. 9579796470310. 33 5297 10.042021 10.3773 18,12 
1919-62295619-957921 3.665035 10.334965 . 77044/1 1 
509.623 2299.957863 9.665 360010. 33463 10.042137110.376771 10 
51.623 502.9578049. 66569710. 334302 1004219610. 376498 9 
520.6237740. 95774600. C6029 11033397 110.0422510. 3762260 8 
52.624047 . 957687. 665360 10.33364010.0423 130.2759330 7 
5419-6243 1919.957628[9-665691110,333309,10-042372;10-37568 1] 6 


$519-52459119-95757019-667021110,332979,10.04243%10-375409| 5 
50]9.62486319-957511]9-657352110-33264$110-04245910*375 137 

15719-62513 519-957 45219-667652110.3323 1810.042548 10.374865 
55.625 4069.957393. 6680 1310.33 1987 10.042607 10.374594 
5.625677. 95733 5.568 4310.33 1657 10. 04266510.374323 
609.62594819-957 27619-60867 2410.33 ——— 10.374052 


Sine. Tang. | Secant. |S 


— BE m5 £ W Degrees. | ine 
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pr A Table of Artificial Sines, 83 


—_— 


"ay Degrees. 


* 


ö 


9957276 


9.957158 
9.957 


[295-63 1326/9-95608 


399:53395419-955483 


200/9-956981 


9.956921 
9.956803 


69.956625 


9.856447 


9.9572 0 


9:956744) 
79.956684 


9.956566 


| 


0.653672010-331327 
669002010. 330998 
669332 10.330668 
66966 1110.330339 
9:957040,9.66999 1] 19330009 
10.3 29680 
«670649110+329351 
9.568625 7004911032935 
9.67 1306 
—87•834ʃ10.328385 
9.67 1963010. 328037 
9.67229 1010.327709 
9.672619 10.327381 
9-95650619.672947119-327053 
9.572274 10.326725 


9.956387 


9.9563 2719.6 
9.6305 24.956268 
| «630792'9.956208 
1919-631059:9.956145 


9.85584 
9.955789 
9.955729 
95 5669 


25554 


Sine. 


10.326071 


9.674.257110+325749 
9.674584/10.325416 
9.248191.325059 
9.675237ʃ10.324763 
9.9550299.67 5 564010. 3 24436 
9.95 5969.57 5890010. 3241 10 
9.95 5909[9-676216110-323793 


9.676859 110.323 131 
9.677 194010. 322806 
9.6775 2010.3 22480 
95560909. 
9.678171 
9-573496112-311504 


10.322154 
10.311829 


10. 04409 1 


Tang. 


10.042724010.374052 
10. 042783010. 37378169 
10. 042842010. 373 5 10% 


10. 0430780103 7243004 
10.043 1380103721605 
10.043 197/10.37 189105 
10.043 2560193716225 


10.043316 3 53 


10.043375 10.37108 
10.043434010.3708 15 


10. 043494010·3 7054700 
10-043553]0:3792792 
10.043613]19+370O11) 


10.043673[19-3697434 


10.043732 10.369476 
10.043792110-369205 
10.043852 10.368941 
10. 04391 1010.368674 
10.0439 1010.368407 
10.4403 110.368 1416 


10.0441 51 10.367608 36 


10.0442 1 1010.367342 
10.04427 1600-367077 
10.044323 1110-36681 1]; 
10.044391010.36654 
10. 04445 110.3662816 
10.044512 10.366016 30 


64 Degree. 


r 
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Tangents and Secants. 


— — 


25 Degrees. 


* 3 


Sine. 


3519-03530619.955 156 
369.63 5570.955126 


389. 63609 


— 


409.6366239. 954883 
41]19.636886[9-954323 
42.637 1489.954762 


439.6374 11.954701 


46.638 1976.954518 


449-537673]:954040 
4519+03793519-954579 


4719-63545819+954457 
4$/9-635720 9.954396 
4919-63 $98119-954335 
50,9-03924219+95 4274 
5119-639503}9-954213 
5219.63976419-95 415% 
53,9+64002419-95 4090 
5419-64028419-95 4029 


| 
| Tang. 


3019.63398419-955455]Þ-573455 
9.634249]9-95 5425] 
32/9-6345 14|9-95 5355[9-079145 
3319-6347 7819495 5307-679471 
34635042. 5247.797950 


370.53 58339550655. 80768 

| 9-955005]p+551092 
3919-636360[9-954944}9-551416 
9.681740 


680120 
680444 


9.682063 
9.682386 
9.6827 10 
9.683033 
9.683356 
9.683678 
9.684001 
9.654324 


9.584968 
9.685290 
9.685612 


9.685934 
9.686255 


559.6405 4419.95 3955 
569.5408049. 953906 
579.54 106409. 953845 
589.6413 23.953783 
59.641583953722 
60.641842 


9.953660 
| 


9ꝗ—6577 
9.586898 
9.6872 19 
9.687540 
9.687861 


9.688 182 


10.3 2150410. 0445 12 
67882110.321 1790.044572 
10.3208 5410.044632 
10.3205 2910.044593 
10. 32020510.044753 
10.3 1988010. 0448 14 
10.3 195 5610.044874 
10.3 1923 2010.044935 
10.3 18908010. 044995 
10.318 58410.045056 
10.3 18260ʃ10.045 117 
10.3 1793710.045178 
10.3 176 1310.045238 
10.3 1729010. 045 299 
10.3 1696710.0452 59 


| Secant. | 


10.316321 


10.3 13102 
10.312781 
10.3 1246 
10.312139 
10.311818 


Sine. 


S 


Tang. 


10.045482 


10.046094 
10.046155 
10.046217 
10.046278 
10.046340 


10.3660 16030 
10.363575 129 
10. 36548628 
10.365222ʃ27 
10.3549 58ʃ26 
10.364942 
10.364430ʃ24 
10.364166 
10.363992 
10.363640 


10.363377 
10.363114 
10.3628 5 218 
10.362 58917 
10.352327j16t 
10. 36206515 


10.359976 
10.359716 

10.359455 
10.359195 
10.358936 
10.358676 


22 
21 


ä 
10. 36075810 


10.358417 


10.358158 


— — 


Secant. 


| 


— £ 
— — 


7 


A Table of Artificial Sines, 


+ 


26 Degrees. 


Sine. 


9.641842 9.953660 

9.5535989.68802 
9.953 537.6888 
9.95347 59.689143 
2.2534139.689463 


9.64261 


129.6449326 
1319645193 


14.545450 


2509.6482589˙.952105 
269.648 5 129.9520439. 696470 
9519809 .696787 
$19.649020]9-95 19 17.697 103 
95 1854.697420 
9.697736 


2709. 64876 


9*991791 


9-95 3290; 9.090103 
9.953 2289.690423 
9.953 1669.690742 
9.952 1049. 69 1061 
9.95304 29.591381 
9.952980]. 691700 
9-95291719.692019 


Sine- 


Tang. 


10.311818 
10.311498 
10.311177 
10.3 10857 
10. 31053710. 0465 8710.357123%66 
10. 3 102 17/10. 04664810. 3568655; 
10. 30989710. 0467 1010.3 56607]; 
10. 30957710. 046772010. 3563 5003 
10. 309258010. 046834010. 356092 
10. 208938010. 04689610. 583551 
10.3086 1910. 04695810. 3555775 
10. 30830010. 0470201. 3553 20% 
10. 30798 1010.047082ʃ10. 35 5063.5 
9.95285 59.9233 5/10. 30766210. 047 145/10.3 548070 
2252793˙⸗92656(10.307343 


— — —⁴j —— — — 


9e95273119-69297 5010.307025 | 
19-95 2668 9.693 293 10.306707 10.047331 10.254038 44 
9.952606. 6936 12.10. 306388 
9.9525 .693920!10.306070[10,047456[10.3535 26142 
10.305752110.0475 1919.352270 
10.305434110.0475811j10.353O1 
ene 10.3 5276003 
81 


9.688 182 


9.952481 9.694248 


10.304 1640.047832 


10.303 84710. 047894 10.35174235 
10.303 53010.047957 
10.303213 
10. 30289710. 048083 10.3 50980 32 
10. 30258010. 048 146 10.3 507 2631 
10.302264 


Secant. 


10. 04634010. 58 15850 
10.046400 1010.3 57899 59 
10. 046463103 5764 50 
10.546525ʃ10.3 573825 


10.047 20710. 354550 46 
10.047 269]10.3 54294145; 


10.047394119.35 3752143 


10.047706 
10.047769 


10352505538 
10.3 5225137 
* 


10.35 14886 


10. 04802010. 51233 33 


10.048 209 10.350473 30 
| = 


Secant. =} 


63 Degrees. 


— —— 


\ 


Tangents and Secants. 


— 


26 Degrees. 


— 


Line. 
I ; 


20[9.5495 27194951791 
3119-64978119-951725 
329.6550034 9-95 1605 


T ang- 


9.597735 10.302264 


9.698053110.301947 
9.698369110. 301631 


Secant. 


10.048 209 
10.048272 
10.04833 


| 


10.35047 35; 
10. 3502199”, 
10.349966 


9.69868 5110.301315 
889001 10.300999 
9.6993 1610.300684 


3309.650287 9.95 1602 


10.04839 
3 9.650539 995 1538 


10.048461 
10.048524 


10.3497 13½ 
10349459 


. 9. . A... 4. _a. _ 3.” . vo. BA -.- , © 20 & oy | 


9.95128 


— — 


409.6520652 
41.652303 
9052555 

Q6 


15[9-55079219.95 1470 
9.95 1412]9-099632 
9.951349 9.699947 


9.9512229.700578 
9-95 1159]9-700893 
9.95 L096[9.701205 
9-95 103 219+7O1523 
9.9509689.701837 
9-95090519-702152 


10. 300268 
10. 300053 
10.299737 
10.299422 
10.299107 
10.298792 
10.298477 
10.298163 
10.297848 


9.700263 


10.048841 


10.048588 
10.048651 
10.048714 
8 


10.048904 
10.048968 
10.049031 
10.049095 


10.049159 


; 
10. 3487034 


10. 34845 122 


10.348956 


10. 348 200 


10.347696 
10.347445 


10.347 194 


1.345943 
10.346692 


10.049222 


10.346442 


21 
10. 34794828 


10.049286 10.346192 13 
10.0493 5 10.345941 = 
10.04941419:345691 x 
2 
2 


10.296277 
10.295964 
10.295650 
10.295337 
10.295023 
10.294710 


— — — 


55188 8.30 goose 
9.65 4508[9-950455 9.704350 
9.65 505719-950394 9.704663 
9-655307[9-950330,9-704576 
9-65555619-950266'9.705 290 
2957 hug 950202 9.70560310-294397 
9.656054 9.950138 9.70591 10.294084 
9.656302 09.950074 9. 706228010. 293772 
5819-6565 509.9500099. 706541010. 293459 
59.556799 9.949945 9.7068 510.293 146 


10.049478 1.3 45442 
10.049542 10.345 192 
10.04957d10. 4494 


10. 04967010. 344693 
4972493444. 
10-049798110.344195 5 
10. 04986210. 343946 

10.049926 10.343698 
10.049990 10.3 43449 
10.050055 10.343201 


— ——— 2 — . „ ( 


8522842 “.2428819.257258ʃ19.292534 10.559119 19.422230 g 
| Sine. Tang. Secant. S 
þ I 
1 1 ö 


A Table of Artificial ines. 


[218 

| 2 27 Degrees. 
1 1 
5 Sine. Tang. Secant. 

E 857047 9.4988 19.70 166 10.292 $34/10.0501 19 10.3429 60 
1 


55754209. 9497529. 70779010. 292210010. 050248010. 34245805 
6577909. 9496889. 708 10210. 29 1898/10. 0503 1210.342210 
5580379. 9496239. 70841410. 29 158 10.050377ʃ10.341953 
55.582849. 9495 5809.708726 10. 29127410. 05044 1110. 3417 16 
65853 1.949494. 0903710. 290963 10.050500. 341469 
79.658778 9.949429 9.709349110-29055 110.05057 1110-341222 
.65992519-949304 9«709660110-290340j10-05063 5110.340975 6 
_ 9'9.65927119-949300{9-70997 11 10-29002gſI0-950700[10-340729 
109.6595 79.949225 9.7 10282010. 2897 181 10.050765 10.340480 
119.659763 9.549 170%. 1059310. 2894071. 5083010. 340237 
129.6600090 9.949 105%. 7 1090410. 289096 10.050895 10.339991 


I 39.656025 519.949040[9-7 1121510. 288785 10. 05096010. 339745 
149550500 9-94397519-711525110.238475|10-05 1025110339499 


657295 5 10. 29252210. 050183010. 342705 


1 55.560745 9.9489 109.7 11830010. 288 164010. 05 109010. 339254 
| 159.650991]9945845 9.7 12146010. 2878 5410.05 115510. 339009 5 
179.661 236ʃ9. 9487809. 7 12456110. 28754401005 1220 10. 3387644 4 
189.661481]9.9487 1519-7 12766 10-287234 10.05 1285.10.33 8519 480. 
199-66172518.94554919.7 1307 10-286924]10.05 1350,10-339274 499. 
209.6619709. 948 5849.7 1338610. 2856 1410.05 14 1610.3 580300 500 
(21 9.65221419-9455 199.7 1369610. 28630410. 05148 1010.337785 51 
22 9.66245 919-94545 319-7 14005110.285995110-05154610-337541 520 
23 9.662703. 948388 9.7 143 14/10. 28568 510.05 161210.337297 530 
[249.552945(9-248323[9-71462410.285376[10.05 1677 1¼ 3375460645 
259.553 190 .948 257.7 1493310. 28 5067 ff. 05 1749,10. 3 368 10 65 9 
26 9.63 43209. 948 1929.7 15242010. 284758 10.05 1808/10. 3365665. 560 
27 9.56 677.948 1269.7 1535 110. 284449. 10.05 1874.336323 57 
| 25 9-663920 9-945060 9.7158 5910. 28414010. 05 1947 10.335059] 5800 
29 9.664163 9.747995˙7 16168010.28383 2010.05 200510. 335837 596 
430 9.664406, 9-947929 9.7 16477110.283523 10.052071 — 5594 0 

Sine. Tang. Secant. 
a | | 62 Degrees. | 


| On COW OO | os to Wo =» wr CNS Tod GON Gs jo Sg mw cc ny cow G8 


\ 


WEIL 


* 


Tangents and Secants. 


27 Degrees. 


2 


4319- 


5 


30 66440019-947929 
4 
9.947 797 
9.947731 


32 66489 1 


947863 


9.947665 

9.947599 
9.947533 
9.947467 
9.947401 
9:947335 
9.947269 
9.947203 


2 
9.568026 
2 668266 
955 568506 
43/9- 668746 
49.558986 


509.6569225 
519.5669464 
529.5659703 
539.5659942 
549: 670181 


9-947 136 
94947070 
9-94 7004 
94946937 
9.946871 
9.946804 
9.946738 


2 * 


N 
9.716785 
9.717093 
9.717401 
2277 
9.718017 
9.718325 
9.718633 
9.718940 
2.212248 
9.719555 
9.719862 
9.720169 
9.720476 
9220783 
9.721089 
9.721396 
9.721702 


9-946671 


9.946604 
9.946538 


9545471 
9.946404 


579.5704179 


58 96871134 


569.5708 589. 946203724454 
57.670896 9.946 136.7 247 59 
5.94559.725005 10.274935 
599.6713729. 545002 9725265 10.274630 
60.671809 9.945930 9.723674 10274326 


—— ——ñüäP̃. —— — 


Aa: 
9.722315 


972262110. 277379 
9.722927 10.277073 
9.723232 10.276768 
9.723538 e 
9— 245222 228 19:27 156 
9.94627019-724149/10.275851 
10.275549 
10.275240 


788 523 
10.283215 
10. 28 2907 
10.282599 
10.282291 


10.28 1983 
10.28 1675 
10. 28 1367 
10.28 1060 
10.280752 
10.280445 
10.280138 
10.279831 


10.279217 
10.278911 


10.277685 


10.279524 


10. 278604 
10.278298 
10.277991 


| . 


10.052203 


1005240 


ITT 
10.052665 
10.052731 


10.052797 
10.052864 


10.053129 


10.05 3262 
6 


10.053296 
10.053452 
10.053 529 


10.053 590 
10.053663 


Tang. 


10.05 3063 | 


10.053 195 


10.0207 1110. 35555455 
10.052137/10. —235³52ʃ2 29 
10.335109 28 
10.05 226910. 3348677 
10.052334 19334525 26 
10.05 240010. 334383 26 25 
10.334141/2 
10.05 253310.3339002 3 
10.33365922 
1185570 


10.333 1762 


10.332939) 
10.332695) 13 
10,05 2930/10-332454 17 
10.052996 10.332214 16 


1033197315 
10.331733ʃ14 
10˙33 1292 


10.331254 


10.3298 1 


10.3 3 1014 > 


10.330775 10 
10.330536 9 
10.330297 ; 
10.330058 7 


7 


6 


10.053730 


10.053 864 


10.053797 


10.329581 J 
10032934 


10.3 29104 
10.053931 10.3 25866 
10.053998 10.328628 
10.054065 10.328391 


1 
2 


| 62 | Degrees. 


220 A Table of Artificial Sines. 
28 Degrees. 


5 Sine. . Secant. 


0 9.57 160919494 9.725674 10.274326 10.054065 
| 855184 54588065%5 10.27.402 1U10.0541320.3254530 
29.672084 9.945800 9.72628410.2737 16010.054199 010.3279165 

39.672321 9.245733 9.76885 10.273412 10.054267ʃ10. 327679 
49.672558 24585 9.725895 10.273 107112-954334112:327442156 
| 5 9.67279519-945 59819727197 10.272803|19-954401110.327 205 54 
69.673032 94553 19.727 5010.272499 10.05 4469f10.3 26968054 
7.9.67226319-9454549-727805119-272 595 10-054536[10.320732 53 
8 9.673505 9-945395/9-725109 10.271891 10.05460 410.3264955 
-9'9.67374119-945325 «728421 10.27 158$[19-254971 10.326259 {1 
109.6573977 9.94526 104 1610. 277284010. 05439/103223 


— — — ——— 


11'9.67421319.945 19397299201 10-270950 10.05 4807110.32573714g 

12 9.67444819-945 12519-79353 10.270677 0.05487 1.32555 114) 

13 9.574684 9.945058|9-729626 10.270374/19-25494210.325316 0 
O 


149.5674919 9.944900 9.729929. 2707 10.9552 10.320810 
19975842773, 10. 2697671005 507 8510.324845 4 
169.6575390 .5448. 49.730338 1026946505514 10.324610 
170.5756249. 9447809. 30828 162 10.05 5214ʃ10. 324376045 
1809.67 5859.944718 731141 10,268385gſ19-055252110.324141142 
19|9.67609419-94455019:731444]10-2635 50 12.05535910.323900 41 


— 


— 


2009.576328 9.944582¼73 1746 10-268254}19-055418119.32367240 
21.676562 9.944 1409.73 2048 10.267952 10.554861. 23485 39 
2219.67679619-944449-73235" 10.267649]199555 5410.3 232043 
23.577030 9-94437719732953 10.267347|19-25 5022 10.32297057 
240.6772644 4309 2.232. 10.267045 10.06 569 110.3227356 
57747-94424 19.733257 10·2557 43 10.055759110.3225023) 
61174119-9441729-733559[10-266441110-05 5927 10.225960 

| [27 677964/9.944104; 7338001 10.260140 10.05 5896 10.322036\33 
28 67819719-9440359-734162 10.265$3$]10-05 5964110+32 1503132 
29.678420 9-943957 9.734463|10-265537 10.056033J10-321570 3! 
30] 61366319.9433998-734754 10-265 236110.95610110-321337 25 
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Tang. Secant. f 


| 


SS EY 2 6 21 
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Tangents and Secants. 


28 Degrees. 


= 


— 


Sine. 


33 


64 


35 


36 
27[9-580258 
38 

39 
40 


41 
43 


45 


30 


31 
32 


44 


46 
47 
48 
49 
50 
51 
52 
53 9.68 3 972 
6419*684201 


55 


58 9-635115 
js 9.685343 
5609.685571 


A 
O 


9.6793 


9.680056 


9.5805 19 
9.680750 
9.680982 
9.681213 


42 9.68 1443 


9.68 1674 


9.68 1905 
9.682135 
9.682365 
9.682595 
9.682825 


9.683055 


9.683514 
9.683743 


9.684430 
9.68465 8 


— 


9.578663 9.943 898 
9.678895 9.943830 
9.679 1289.943761 


9-67959219-943024. 
9-6798241[9+9435 


9.683284 


9.943692 


55 
9.943480 
9.943417 
9.943348 
9-943279 


9.943210 
9.943141 
9.943072 
9.943003 
9.942933 
9.942864 
9.942795 
9.942725 
9.942656 
9.9425 87 
9.942517 
9.942448 
9.942378 
9.942308 
9.94223 - 


k 


— 
9.734764 


—_— 


” 
Tang. 


9.735066 
9.735367 
9.735668 
92358 
9.736269 
9.736570 
9.736870 
9.737171 
9.737471 
9.737771 
9.73 8071 
9.738371 
9.738671 
9.738971 
9.739271 
9.739570 
9.739870 
9.740169 
9.740468 
9.740767 
9.741066 
9.741365 
9.741664 
9.741962 


10.260729 


10. 260130 
10.259831 
10.259532 


10.259233 


10.258934 
10.258635 


10.258336 
10.258038 


10. 265236010. 056 101 
10. 264934010. 056 170 
10.264633[10.056239 
10.2643311[10.056307 
10. 26403 1]10.05637 
10. 26373 1070.056445 
10. 2634301 0.0565 1410.3 199 
10.263 129ʃ10.056583 
10. 26282910. 05665 210. 3 1948 1022 
10.2625 29 10.0567 2 1010.3 19250021 
10.262229010. 05679010. 3 19018020 
10. 261929 10.0568 5910.2 18787]19 
10.26 1629 10.056928 
10. 26132910.05699 710.3 18326017 
10. 26 1029 10.057060 


Secant. 


10.057 136 


[10-057761;10. 


10.321337 
10.321104 


10. 32017 


10.319712 


10.318557 


10-3 15095 
10.317865 


10.260430 10-057205110-317635]14 


10-057344\T04317 175112 
L0.057413110-316945j11 
10.05 7483;10-315716]10| 
10.0575 5210.3 16486 9 
10.057622j10.316257] 8 


9.942169 
9. 942099 
9.942029 
9:941959 
9.941889 


Sine. 


9.742261 
9.742559 
9.742858 


10.257739 
10.257441 


9.743156 


Tang. 


10.257142 
10.256844 
9.743454010. 256546 
9-94181919-74375 2110-256245 


10.057831 
10.057901 


10.05 8041 
10.058111 
1.058181 


10.0579 110. 


10.314885 
10.3 14657 
10.3 14429 


Secant. 


61 Degrees. 


25 
23 


18 
16 


13 


L 2 


am" 


N 


A Table of Artificial Sines, = 


29 Degrees. 
jane 
Tang. 


19-9418 19196743752 
+9417 4919+74405 

94167919-744348 
9.68625 419-94 160919.744645 
419.68648213-9415 39194744942 


10.256248 
10.255950 
10.255652 
10.255355 
10.255057 


— 


Secant. 
10.058181 


10.058251 
10.058321 


10.3 14420050 
10. 31420159 
1031397358 


10.058391 
10.058461 


10.254760 
10.254462 
10.254165 
10.253868 


59.686709. 9414689. 745 240 
5.686936. 9413989.745538 
6571639.9413 28.745835 
687385 


9.94097 51947473 1910.252681 
5.940905. 74761610. 252384 
9.94083 4.7479 1210. 25 2087 


9-94976319-745209, 19425 1791 
9:94069319-748505/19-251495 
9.940622 9.748801 
9.940551. 749097 
9-94045019-749393 
$-94940919.74965g 
19-94933319.749985 
9.940267. 7 5028 110.2497 19 

09.69077219-940196 9-750576 ald 
a «94012519-750872;104249128 


—— —— — — — 


9.691220. 94005 319-75 1167 104245833 
59.69 1444.939982. 75 1462 10.248 538 
9.691668 9.929911 9.751757 10.248243 
$19-691892 9-93984019.75 205210. 24794 
E. 592115 9.939768. 752347 

309-6923239 99396979. 752642 


| 


10.250903 
10.250607 
10.250311 
10.250015 


10.247653 
— 2 


| 


Sine. 


100251199] 


1005574 


2 


10.058954 
10.059024 


10.058531 
10.05 860210. 3 130654 
19.058672ʃ10.3 1283745; 


7 


10.3 13746 57 
1-313 51856 
10.3 1329 10 


10.31261 952 
$93 123501 
10.3 1215750 


10.311939 
10.3 117058 


10.059095 


10.059166 10.3 1125206 
10.059923 710.3110 

10059307010. 3 1080 
10.05937810.3 10577043 


10.059449 
10.059520 


559591 
10.059662 
10.959733 
10.059804 
12059875 
10.059946 
10.0600 18 
10.060089 
10.050 160 
10.050232 
10.050303 


£1 


... 


Tang. 


10.311470 
7 FE 


10.310352142 
0.3 10127141 


10.309902140 
I0.309677139 
10.30945 2438 
10. 30922830 


4 
/ U 


10. 30877955 
18.3085 5 5134 
19. 30833233 
10.308 108132 
10.307884131 
to. 307661130 


| 


Secant. 


| Oo 


RE... Degrees. 


— — 
* 


* Tangents and Secants. 


„ — 


* 


223 
29 Degrees, 


— 


Tang. Secant. 


9.939697 9.7 5264210. 24735810. 000303 10. 307661 
315.592 562.9396257 52937 10. 24706310. 6037 5 10.307438 
9.692785. 939534.753 23 1.10. 24676910. 050446 10.307 215ʃ28 
og. 939482 9.753526ʃ10.246474 10.550578 10.306991 27 
9.9394 109. 5382010. 246180010. 08058910. 306769 
.939329˙7 5411510. 24588500. 050561010. 3065475 
6936766. 939257. 7 54409 10. 245 59 110.0073310. 30632404 
9.693 8989. 939195 .7 5470310. 24529710. 00080510. 306 10223 
1209. 939 1239.7 5499710. 245003010. 06087710. 305880022 
-6943429.93905 109.2329110. 2447090. 5094819. 303558ʃ 21 
69456409. 938980 372858 10. 24441 50. 0 1020010. 30543602 41. 
6947809. 938 9089·7 55878010. 24412210. 06109210. 305214 its 
»69500719-938836[9-756172 10.24382$]10-061I 164 10. 304993018 | | 
6952299.93 8762.7 56465 10.243 53 5010.012360. 30477 107 i 
9.69545019-93 869119.756755110.24324 1110-061309110-30455eÞ1 | IF 
4519-69567 119-93 86 19.7 5705 2[10.242948119-061381110.30432g[15 1 | 
6958925. 9385477 5724510. 24265 510.06 14530. 3041081 . 
4719-6961 13.93 8475.7 5763 810. 242362010. 06 152510. 303887[13 1 
4.59632 4.538 4020.7 5793 110. 242569f10. 61 59810. 3036600. 
586554 .538 309.5822410. 2417760. 51570010. 303446011 
9.69677 49.93 82589. 758 5 1710. 241483 0- Oc 3410.808855 _ 
51.9699 59. 938 18 5.7588 10010. 241 19010-0618 1510. 303005 

5 9.759 10210. 24089810. 6188710. 302785 
9. 75939510. 24050510. 06 196010. 302565 
9. 75968710. 2403 1310.062033 
9:759979110:240021110-06210 
9.760272110-239725[10-06217 | 
9.7605641[10-2394.36[10-06225 110 
9.760856]10-239144\10-062324k al 
9.76 1148010. 238852010. 06239610. 301249 
9.76 143910. 23856110. 062469 10. 301030 


—— 


Tang. Secant. 


— 


_ 60 Degrees. 


224 


r 


A Table of Artificial Sines, 
- > Degrees. | 


- 


[al 


Sine. | 


9.598970. 937 5309.76 
19.699189 9.937458 9.76173 1010. 23 8269 
9.699407.937285 9.762023010. 237977 
319-5$9962619-937312 9.7623 14010. 237686 
P. 5998440. 9222389762 
9.937 1659.762897 
9. 7002809937092. 763 188 
9. 700498993601 

9. 7007 1609. 93694 

E. 2009339936872 
1019-70115 149-9367 
11]9-70136819-935725[9-764643 
12]9-701585{9+-93665219.76493 3 
I2 9.701802 9.93657 
14.2020 1912.935505. 7655 14 
15P- 7022360993643 1.765805 
16970245 299363 57.766095 
9.9362849.766385 
9-93621019.766675 
9-93613619.766965 
9.936002 9.767255 
9.93598 89.767545 
9.935914.767834 
9.93 58409. 768 124 
4. 2041 7909.93 5266.768413 
9. 704395993 5692.768703 

| s 4. 9-93561819.763992 
279. 70482 59.93 5543.769281 
289.7050409 · 92 5469 N 
9e93532019-770148 


— ͤ —U—ʃ— 
- | 


1719-70266g 
19 9 703 101 
9.703317 
21 2 703533 


2300.703964 


5 70461 


Tang. 


9.76 145 10.238561 


763479 
763770 
764061 


764352 


765224 


10.237394 


10.236230 


Secant. 


10.062469 
10.0625 42 
10.062615 
10.062688 
10.062761 
10.062835 
10.062908 
10.062981 
10. 06305 4010. 2992845 
10.063 12810. 299067561 

10.063 201010. 29884900 
10.063 27 510. 29863 249 


10.23 1586010. 06423 410. 295 82034 


10.30103960 
10. 3008 11055 
10.300930 
10.300374 

19.300105 
10. 29993855 
10.299720 54 


10.231297 
10.23 1008 


10. 064308110. 29560535 
10.0643 82 10. 2953 
10.232071 1.564457 10.295 175533 
10. 23042910. 064531 10. 60 
10.064605 10.294746 | 
10.239851 10.064680 10.294531 


— 4 


10.299502 530 


10.2984 1540 


10.297764 
10.297548 
10.297331 . 


10.238325 10.063 790010. 297115 
10.233035 10.063 864 10.296899 


10.296683 + 


34 
10.294960/32 


Secant. : 


5 9 Degrees. 


Tangente and Secants. _ 


30 


Degrees. 


2 


Sine. | Sang: 


a 


3019:70546919-935320 77616 
1 9. 2 5 — 9.770437 
3219-705 897 9.93517 19.270726 
3 9.70611219.935097]9+77 1015 
9-70632519.935022 9.771303 
1.756539 9-934948Þ*-771592 
3619-70675 3 993497207 : 
3719-70696719-934798]9+772168 
3.70718 9.934723 ˙772457 
396-70739319:234549Þ-772745 
409.7076069. 93457. 9.272833 
41%. 7078 199. 9344996˙773221 
429.7080329. 934424 9.773608 
0 708245. 9342499773896 
9.208457 N. 93427 4.224184 
45 9.70867019-934 199]9:774471 
4619-708882[9.93412319-774759 
419-709094[9-934048PÞ-775046 
4819-709306 93397315 * 
4919-7095 1319-93359 


309.7097309. 933822. 2.775908 
+93374719+776195 
529-7 101531993367 119-7 76432 
933595] A bon, 


BEDS Ga. — 
555 5.710585 9. 933444777342 
50 . 7 1099.933359. 777628 
5719-7 11208 . 933293777915 
589.7 11419 9.933217. 778201 
933141 .778487 
8.22206. 228774 


Sine. 


x 
2 


771880[10.228120 


9275521010 


„ 


10.229563 
10.229274 
10.228985 
10.228697 


— — — — 


10.228408 


10.227832 
10.227543 
10.227255 
10.226967 
10.226679 
10.226392 
10.226 104 


3 


10.229851 


Secant. 


18554680 


10.064754 
19.064828 


10.064903 
10.064978 


10. 06 5052 
10.065 127 


10.225810, 
10.224529 


10.223518 
10.223231 


10.222658 
10.222372 
10.222085 
10.221799 
10.221512 


10.221226 — 


10.085801 


10. 22524 1010.065877 
10.224954 10.065952 

| 10.066027 
10.06 102 


10.068 


10.0665 5 
10.066631 
I0.066707 
10.066783 
10.0668 58 


10.065 202 
10.065276 
* 


1110.291755 


10.056480 


10. 29282 


10.292605 


10.2930 3 23 


10.292181 
10. 29 1968 


10.291342 
10. 29133001 


10. 29000611 


8 
10.2896 5 
10.289425 6 
10.289214 


10.288581 


g Secant. 


59 Degrees. 


PP 


1029453150 


10. 2923930 


10. 291118014 


10. 2906941 Z 
10. 290482 It}. 
10.066 178010. 290270010 
10.062510. 290058 9 
EP 10.2898. 


3 


7 


10.289003 44 
10. 288792 31 


10.288371] 1 
410.288161] 0 


10.219797 
780489110. 219511 
78077510. 219225 
781060010. 218940 


| 


| 


713308932533 
85.713517 ·93245 


| 1719-7 153949 
3 18 71560119493 1691 78 
ö .7158099+93161419-754195 
109.7 160179.93 1537.784479 10-215; 
| [2319-7 1622419:93 1450 9.784764 10921523 
| 7164329493 1383[9-755048 
[446-7168469-93 122919-785616[10-214384]10.06877 1110-283 154 
F | [356-717053(0:931152]9-7859001 10-2141 10.588848 10. 282947530 
26.717259 ·92 1075 9. 86184010. 2138 1610. 06892510. 2827410 
| 79.7174569-930998 9.756468 10. 213532010. 060900210. 282534053 
| 289-7 17672]9-930920 9-786752110-2132483[10,069079|10-282327|3? 
| 29 9.717879 9.930843 9.7 87036010. 21396410. 069 15710. 282121531 
-| ol9-71708519-930766 9.7873 101021268 1010.069234 10.281915 


| 4+ * * 3% | 
I * 
J b 


Tang. 8 | Secant. 


| —_— 


* 


31 Degrees: 


5 


— Sine. : 
- 


5.72238 


3019-7 1808 5 9. 9307669. 7873 1910. 212681010 
319.7 1829 19. 9306886. 787603 10. 21239710. 10. 28 170949 
3219.7 18497 99306 11194787886 
$39-7 18703/9-930533 5786 170 
49-7 13909-9493 2456 
9.7191 14'9.930378 9.788736 10. 21126 
69.7 193 20.930300 9.789019 
9.7 I9525j9-930223 9.789302ʃ10. 2 10698 8 
719730 9.930145 9785885 10.210415 10.069855 10.280270 22 
5.219935 9.90067. 289808 | 
10.7 20140 9.929989. 7901 5 1[10,2098 49|10-07OO1L 1] 10-279860/20 
1.720345. 9299 1 1.79043 3010. 20956 
9.720549 9.92983 3.7907 16 
5.7207 549.5297 55%. 9099 
4.72095 8 9.929677 9.791281 
J. 721162 9.929599 
69.721 3669.929521 
57215709 
5.721774. 
9 9.72197 


Tang. 


10.28191550 


10.28 1503/28 
10.28 1297 
25 
10. 280680024 
10.069777 10. 28047523 


288453 


0.21013 2010.599310. 280065021 


10.070089 10.279665 5019 
10. 279451018 
10. 27924617 


10. 279042016 


9.791563 


809. 


i 


_- 


* 


8 a. th. 


m — 888 


| 32 Degrees. 


* 7242 10 


— 72461 


2 
1099.726225 


— 9.7282 

21 5728427 
2219.723626 
2319-728825 
(219-7 29024: 
2519-729223 
2019.729422 
719-729621 
89.729820 


49.928262 
9.724816. 928183 
$9-72501 9.928 10 


Tang. | Secant 


79663 
286913 


9.928025 


9269915 · 800 
8011 


92675 19.801675 
9.801955 
9.926591 


9263 5 1. 80307 
9.926270. 803351 


99.730018 
29.730216 


16010. 198884 
THE 119-5013 


9.80223 10. 197766 
9.9265 11-8025 13/10. 197487 
9.92643 1902792010. 19720 


810. 196091 


10.204211 10.57 1579 
9.724412 9.9283 4 19.7 9607010. 20393 


10.20 
10.20 


; 


9276289798 59610. 20 1404 
19. 7264269. 927 549.7988 7710.201123 


10.199723 


10.199443 
10. 199163 


10. 198604 
10.198325 
10.198045 


10. 195928 
10. 196649 
10. 196370 


10.195813 


10, 071658 


7963 5 110. 203649ʃ10.07 1737 
268[10-0718 
087119-0718 


gs 


797 194010. 202806 10.07 1975 


10.072054 


510072133 


10.07 2213 
10922292 
10.072371 
10.072451 
10.072530 


3010.072610 


10.072690 


3 10.572799 
10.072849 


10.7292 
10.073009 


10.0733 29 
10.073409 
10.073489 
10.073 569 
10.073649 
10.073730 
10.0738 10 
10.073 890 


10.073970 


37 


Tan g. 


2 
10.073 16910. 271773 
10.073249ʃ10.271573 


10.27 5790000 
10.275588 


10. 27538605 
10.275184 
10.274983 56 
10.274781 
10.274580 
10.274378 9 
10427417752 
10427397651 


109273775150 
10.27357449 
10.273374 
10.273 17307 
10.272973 
10.272772 
10. 2725720 
10427237214} 
10.272172 


10.271374 
10.271175 
10. 270976536 
10.270773 
10. 2705784 
10.270379 33 
10. 27018057 
10. 2699823 
10.269783 30 


7 


Secant. 


« 


OL CESs 


| AA _COND 0 }  tD ww ff. A C3 Oo Cos 


Tangents and Secants. 


32 Degrees. 


— 
* 


3 
(3119-7 39415 
| 06 


QD]1727—7H— eo a 


3809.73 1799 


re 9.733765 


5 119-734353 
52194734548 


5519-735134 
569.73 533 


9.7 302199. 926029 9.804117 


[9-925787 9.805023 
9.927707 N-805202ʃ10. 194698 


Tang. Secant. 


9.925949 9.804466 


10.19 534 10.0740 1 
9.925868 9.804745 þ ; 


L0.195255[10.074132 


19.074293 
9.925626'9.805580 
9:92554519-305859 10. 19414 110.0744655 
9-92546519-80613710.193863Þ10-074535 


I0.193 307110074697 
9.925222. 80697 1010. 193029]10.074778 
9.9250 A ape 
9.924979. 807 80510. 19219510.07 5021 
9.924897). 80808310. 1919170. 055 103 
ee 9.80836 1010. 19163 
924735 

9.924653 9.8089 1610. 19108 
9.924572 9. 9091930. 190807 10.075428 


9.9243 28 9.8 1002510. 18997 50.075672 


8010. 1894 


9.92400 5 
9239719 8 


| 14 
10.195 823010. 07397010. 26978 1;30þ 


10. 1949771 9.074212 


10.0748 59 
10.074940 10. 267413418 


9.924246 9.8 1030210. 18969 710.075754 


10.269584 29 
10.269387 28 
10. 269 18927 


10. 194420010. 07437410. 26879425 


10. 268 596 20 
10. 268398023 


9.925384. 8864 15/10. 193 58 510.0746110. 268201122 
9.925 3039-806693 


10. 26800421 


10.267807 20 
10. 267610019 


10. 267216017 
10. 267020116 


10.07 5 184.10. 256823015 
80863 810.19 136210. 07526510. 266627ʃ14 
6 10.07 534610. 26643 1013 


10. 26623 51 


232851. 92447 1.80947 110. 1905 29.10. 07 5 50910. 266039111 
509734157. 924409 9. 80974810. 19025210.075591 


10.265843 10 


92408 3ʃ).8 108 520. 189 143010. 07 5917/10. 26506 1 6 


IM 0 — dd vo þ 


ul 


_—_— 


1 Secant. 


” 


10. 18748310. 07640910. 26389 1160 
410. 187216010. 07649 110. 26369759 
10. 186930010. 07657310. 263 502058 
10. 186653019. 07665 510. 263308057 
$19-73688615-923263 10. 18637 10-076737| 10-263 114156 
9.737080. 923 180.8 13 89g110.186101[19-0765 19] 10,2629 20155 
5.737274. 9230980. 8 1417 510.18 5824,10. 076902010. 262726054 

81445210. 185 54810. 076984 10.262 532053 
814727] 0. 18527210. 07705710. 262339052 
81500410. 184996010. 07 7 14910. 262145001 


99.73 804 3.922768 815279 10.18472 10.077232 10.261952 50 
219.7382415. 92268698 155550. 184445ʃ10.0773 14010. 26175949 
129.7384345. 922603. 8 1183 1110. 184 16910. 07739710. 26156018 
13.738627 . 9225209. 8 16 10710. 183893010. 077479 06337 

$9+73882c[2.922435[9-3153 $24L0-183615110.077562010.2611 
81665810. 183342010. 07764510. 260987 [45 
816933010. 18306610. 0772810. 260794 
81720910. 18279 110.0778 110. 26050243 


9.730303. 
9.736498. 
9.7366929.923345 


* 
2 


5.729298 · 922189 
89-7395 903-9221 


9.74035 Ae 


10. 18 1140/10. 07830910. 259449537 
10.078393 10. 2592586 
10. 07847610. 2590665 
10.0785 59119-25557 3 
10.07864.3] 19,2565, 

9.820234110-179766110.078726|10.25849213 
9.820508 10. 179492 0.078810 10. 25830181 
9.820783 10.179217 10.078890. 2581 105 


IbSine. Tang. 
8 Vo | 3 


56 Degrees. 


— — 


* 


— GAR oy AA 


Gon 


PII 


Q ey 
Ly 


Tangents an 


3 
Js 
SE —— 
-- 
* 


d Sec: 


Secants. 


— 


3 


3 Degrees. 
88 


— ——— 2 ü⁴ëÜ6g4ðA4r̈4Y. 


9.921107 


— 
Tang. 


« 
4 * 


9.820783 


9-920772 
At ntl bf Mn, 


9.922688 
9.920604, 


9.744171 
9.744361 
449.2445 

9.744739 
59.744925 
25.8195779˙825439 


9.919762 


39.919424 
9.919339 


9.919169 


918659 


9-921023:0.821057 
19+920939(9.821232 
9.92085 125 1606 


9.822429 
9.9205 20.822703 
9.92043 69.822977 
9:92035219-823250 
9+920263jg 
9.92018 

e 824072 
9.520015 9.924345 
2.21992 119.824619 
9 19846'9.824853 


9-919593!g-82 
9:219595.9.825986| 
9.826259 
2 
9-919254; 


2 619-9 190349 «927351 
*91891519.827897 

-9183309.828170 

91 87 | 9.828442 


21857455 


10.178943 


. 821880 
9.822154 
10.177571 
10.177023 
822224 


823524 
9.823798 


825168 

5713 

9.82653 
g3 


9.826 
27078 


| 


10.179217 
10178668 
10.178394 
10.178 120 
10.177845 


10.177297 


K o 


Secant. 


10.078893 
10.078977 
10.079061 
10.079144 
10.079228 


6110-2569 


10.258110 
10. 257920 
10.257729 
10.257538 
10257348 
10.257158 


232 A Table of Artificial Sines. 


* ba 
* 


0 7475525 9¹ 
19.74774 
1 219-74793 18404 
3.748123.918318 


8 


. 74868 39. 918062 
0.74887019-9179769 
$9-749056[9-9173gi 


ov-74942919-9 17719 
9.74961519-91763/ 
19-74980119:917548 
9:74998719-917462 
419-750172 94917376, 
Q 750358 9.917290 


$19-75091419-917032 
8 251099 9.916945 
9.916869 
9.916773 


15.751469 


Tang. 


09-7492429-917805(9.8 


9.9 17290p-8 


Ir99-750543]0-9172049-83333 
[17Þ+75072919-9171 139.8335635 10. 16638 


19.528987 
5180 5 9.829260 
6.359355 10. 170468 

980510. 170195 
7483* 9.918233 9.330077 10.169923 


9.748497 9:918147,9-830345 


9.82 


9. 830521 
8 


30893 
9.831165 


. 83 1709 
831981 
322255 
83252 


34 Degrees. 


10. 171013 
10. 17074 


10.169651 1 
10. 169379 
10.169107 
10. 1688 


2110.168563 


10. 168019 


10.167747 
10. 16747 5 


9.8327 


10.167204 


833068 10. 166932 


10. 166651 


33882110. 166118 


82414 


9.334425 
9.834895 


537185 Buss 


75220719-910 1642 


5.752392 9.916341 


99.752944 9.916080 
0.23128 2159942 


Sine. 


K 


8.35527 


5755 
836051 


884 
2 37:35 


10.165846|1 


10.165575 
10.165304 


10. 165033 


| 
Secant. 


10.0823 66 
10.082452 
10.082538 


10.082624 


10.082710 
10.082796 


1008283 
10.082968 


10.083 22. 


10.083313 
10.083400 
10.083486 


10.08 1426 10.252438 
10.0815 1110.252451 
10.08 172 10.252054 
10. 08 1682 10.251877 
10.081 —8176710.25 1690 


10.081 1852 10.25 1503065 
10. 08 1938 10.251317 
10.08 2024 10.251130 


3510.082109 10.250944 
10.082195 10. 10.250757 


10.185829 10.082281 10.250671 


10.082054 
10.083141 


10.250385 
10.250199 
10.250013 
10.242828 
10. 249642 
10.249457 


10.249271 
10.249086 


10.248901 


10.248716 40 
10.248531 


10. 164220 


9. 93523 10. 164762 


10.1631 
10.162986 


Tan g. 


88 


10.083573 
5110. 163949 10.083659 


, 752576 9.916254.8363 22 
0 9.752750 9.916 es 


10.2472 
10.247056 
— 


> 


10.248346 38 
10. 248 16137 

10024797713 

10.247792135 
109247503134 
10. 163678 10.083746 10:247424133 
3110. 163407 10.083833 
6 10.083919 


— 


Secant. 


55 Degrees. 


© 


Tangents and Secants. 233 
34 Degrees. 


| | 
Tang. Sæeant. i 


i 9.753 1389.91 59940. 827134 10162866 10.884508 10. 24687230 
6157533129. 915907.837405/10.162595 10.084993 10. 246688029 
625753495 ˙ 9158209. 83767510. 1623 2410. 08418010. 2465050 
63.7535795.91573 39.8379 4610. 16205410. 084267 10.245321 2 
| Wl 449-753 86219-91 564.8382 16010. 16178410. 08435419. 24613846 
55.7549. 915559 9.838487 10.161513 10.08444% 199245954 
a 360.7542299. 9 1547 2983875710. 16124310. 084528010. 245774 
675.7544 12.91538 59. 83902710. 16097310. 0846 1510. 245588023 
685¼754595PF·9152979.839297 10.160700. 084703 10.245405]22 
| 9:75477S[p-91521019.839568[10.162432,10.084790;10:245222/2 

| Wl [499-7 54960PÞp-91512319.839838[10.160162[10.084877j10.245040120 
e755 143]9-91503519.840108[10.159892110*084965110.244857 
-75532619-914945{[9.8403 78[10.159622}I0,08505 2j10.24467/ 
7555089.9 148609. 840547 10.725385 10.08 5140/10. 244492 
2899 2.914772ʃ½.:8409 1710.159083 10.085227 10.2443 1001 


| 9.914685. 84118710. 1588 1310.0853 1510.244128 
| 9-91459819.841457110-158543'10.085402,10.243946 
| 9-9145 10. 84172610. 158273010. 09549010. 24376 
| 84199610. 15800410.08 557810. 243582 
| 495.2555009. 914324842266 10. 157734010. 08 5566010. 2434 
| 50:9-75678119.914246\g. 84253 5 10. 15746510. 08575410. 2432 18010 
| 

; 


9.756963 ,9-9 141 589.8542805 10.157 195/10.08 5842/10. 243037 
529.757 144.9140709. 84307410. 15692610. 08 5930010. 242856 
53.757326 9.5139829.843343 Ser 10. 086018110. 2426744 
.913894'9.843612 10. 156388 


10.086 106010. 242493 

559.7576889. 91380609. 843882010. 156118 10.08619410.2423 12 

757869 9.913718 9. 84415110. 15584910. 086282110. 242131 

j 57.7 580499. 9 13630 9. 844420010. 155 580010. 08637010. 24 1950 3 
58.7582309.913 5419.844689 10. 1553 11010. 0864 1910.241770 

N 599.7584 119.9134553 9.844958 10. 15 504210. 08654710. 2415890 1 

6019-75859 119-913354 9.845 227|10-154773Þ10-086635 19.241409 


210 


Sine. Tang. | Secant.. 
| E 


| « — ww * 


5, Degrees. 


A Table of Artificial Sines. | 


„„ 


* —— 
*. — — — tee. 


9.913364 


913275 
8 578059 


9-759132:9-913099) 
$19:7593129-913010 


019-75559L 


91318 


| 


35 Degrees. | 


_— ET — gr 72 „ —_ — 
— 


10.154773 


10.154236 
84603310.153767 
9.846302 10.133698 
10.153429 
10.153161 
9.847 807 10.152892 
9-8547276010. 15262410. 0873 45]10. 23996952 


9.84683 


9847644010. 152356 10.087 43 10-2397991 


$7 10.087701110-239252143 
9:3848717]19-15 1283 

g9-848985]19-151014|10.08787g]10-2388g; 
9-84925 4119-15074 
219-3495 22J10. 15047 8,10. 08 


9.763057. 91113609. 85 19 


5.763600 9.910866 
25.763 7775˙9107 65.8 
| 63954/9.910686(9. 


\ Secant. | (1. 


10.086635[10.24149 
10.086724ʃ10. 24122 59 
10.0868 12110. 241048 
10. 08690 10t0. 240868 67 
10.086990. 240688 56 
10.087071 10. 24050 55 


10-087 167J10-240328c| 
10.087256110.240148 


10,087 523010. 23961000 
10.0876 1210.239430 


10.0877 


r 5 
058110.23853604ʃ 


10.1502 10010. 088 14710. 238358043 
10. 14994210. 08823710. 238 17907 
D 5 ie 104238001141 


10.149407 10.0884 1610.237822 
8 10. 23764439 


44439 


10. 148871010. 088 595/10. 237468030 
610. 148604 O. 8868410. 237288037 
10. 148336010. 088774010. 237111036 


— 


- 
—— | 


- * „ 
enn 11 


— 


* 


0 


agent and Sec ans. 


35 Degrees. 


. 


% 


9.91014 
9.91005 


252672982 


9.909963 35545 


9.853535 
9.853802 
9.854009 
2.84336 


854870 
855137 


$0/94767475 
518. 767649 
52.767824 
53.767999 
54 9.768173 


9.90804 


Sine. 


* 4 
<- % + 
* 


9.85886 
9.859 


9.860730 
9ꝙ 860995 
9.861261 


— — 


9.853268, 10.145732 


9-90887319.853602 10.141398 
9.908781 
9.908691 
9.908599 
9.908 5079. 859666110. 140334 


9.908416 9.859932 
9-903324/9.860198 
9.908233. 860464 
9.908 141 


9-359 13 4419-140865 


10.141132 


10. 140600 


10. 140068 
10. 139802 
10.139536 
10.139270 
10.139005 
19.138739 


10.089314 
10. 14646510. 089404 
10. 146 19810. 089494 
10. 14593 1010.089585 
10.145664110.089675 


10.090945 


Tang. a4 Secant. | 


9.910686 
9.910596 
9.910506 
9.910415 
29.910325 
9.91023 5-8 54603 


10-090581]19+233577 


10.090763 
10.0908 54 


10.091127 
10.091219 
10.09 13 10 
10.09 1401 
1921492 
10.091584 
10.09 1676 


10.236046 
10.235869 
10.23 5692028 
10923551 
— 2353322 
10. 235162025 
10. 23498 5024 


10.233401 


29 


10.233226 
10.233051 
10.232876 
10.232700 
10.232525 
10.232351 
10.232176 
10.23 2001 
8225 
10.23 1652 
10.231478 


10.091767 
10.091856 
10.091951 


Tang. 


1 —— 


8 m—_ - 


10.092042 2 3207: 


10.23 1303 
10.231129 
10.230955 

1 


2 * 


4 : 
Secant. 
* * 

3 . 3 


4 
12 
11 
10 
* 
8 


| 


54 Degrees. © | 1 


} 


A Table of Artificial Sines, 


— — 


9.769219. 907958. 86126 110. 138739 10.092042 10.230781 
109.7693920. 9078669. 86152710. 138473 10.092134 10. 23060) 59 

9077749. 86179210. 138208 10.092226 10. 2304340 
90768209. 862058 10.137942 10.0923 18ʃ10. 230250) 


907590 9.862323 10.137677 10.0924 1010. 23008766 


9074989˙562389 10. 13741 110.09 2502 10.229913 
-907406'9.86285 10.137146 10.092594 10.2297 54 
507314 9.863119 10. 136880 10. 092686 10. 22956753 
907221 9.86338510. 136515 10. 092778010. 22939457 
9.907129 9-8636 5010. 1363 5010. 09287 110.2292205 


10 9770952 907034 9.86391 5 10.136085 10.092963 10.229040 


36 Degrees. 
—J 


Tang. Secant. 


ö 


; [1 119-77 1125[9-905945'9.354180[10.135$20,10.093055[10-22597 5149 
1 1219-771298[9-9295$52,9.364445110-1355 510.093 14 10. 22870208 
13.77 4709-067609. 3547 10010. 13 5289.10. 093 24010. 2285297 

IF 114/9-77164249-90666719.864975110.135024,10.093333[19-228357146 
| hi 905574. 865 240/10. 12476010. 9342510.328 18505 
9054829. 865 505 10.13449519.09351 10. 328013ʃ44 

90538909. 865770010. 134230010. 093611010. 227841043 


9062969. 86503 510. 13396510. 09370410. 227669042 
p-995204ſ9:365300110.133700110.093796]10-227497]#! 
505111. 86656410. 133430010.093889 10.227325 0 
906018. 86682910. 133 17 1010.093982J10. 22715389 
905925. 86709410. 13 2906 0 881855 daa 


23.773190. 90583 20.8673 58010. 13 2542010. 094 6810.226881 7 
12419-773361Þ9-92573919- 10.094261010-225635136 
 [25!9-773533Þ-995645 10.094355110-22645713) 
2 (9-77370% 9.905552 10. 09444810. 22629664 
79.773875 · 90545 10.094541. 22612553 


10.094634 219407 


10-0947 23110-2257 36 
10-094321110.225512,39 


289.7740 JP. 905366 
29 9.774217P˙905272 
[2019-774333Þ9-905179 


4 


Sine. 


Secant. A 


_—_ OO 


1 
— 


1 725 53 Degrees. 


as a 


8 


* 
_— 


Tangents and Secants. 


36 Degrees. 


Sine. Tang. Secant. i | 
| = | | tl 
309.7743889. 905 1799. 869209 10. 13079110. 094821010. 22561230 1 
31.774558. 90508 59. 869473010. 13052710. 0949 110.2254429 
3219-77 47 29.904992 9.869737110-130263110.095008[10.225271}28] - | 
9.774899. 904898. 870001010. 12999910. 095 i102[10-225 10107 ö 
9.775070[9-90450419.870265[10-129735110.095 1960. 22493026 El 


3519-77 5240. 9047 1109. 87052910. 12947 110.0952890. 22476025 
3619-77 5410. 9046179. 870793010. 1292070. 095383010. 22459004 
37P· 7755809. 9045 2319.87 105710. 12894310. 0954770. 2244203 
389.7757 50.904429. 871321010. 128679f10.09557 110.2242502 
399.7759209. 90433 5 871585 10.128415 10.095665 10.224080 21 
409.7760909. 90424 1.87 184910. 1281 G1 10.0957 5910. 22291000 
4109.776259. 904147. 872112010. 12788 810. 09585310. 22374119 . 
4209.776429. 90405 319-872376[10.127624[19.095947110-223571118 
10. 12736010. 09604 110.223 40217 
19. 12709710. 096136 10.222232ʃ16 
4519-775937[9-90377019.873 67 10. 126833|10.096230/10-223063]15 
409.777 106.9. 903670. 87342010. 1265 7c 10. 09632410. 22289414 
4719-77727 5[9+90358119-873694/10.126306[10.096419j10-222725113 
489.7774449. 903487 872957 10.126042 10.0965 1310222556012 

277613. 90339 29,874220 10.1257 8010.09 6608 19.222287TU11 


— — — — 


5 Zi . 9032989. 87448410. 1255 1610.096703 10.2222 18 10 


51.777950. 903 203.8747470. 12525300. 096797122205 
529.778 119.903 1089.87 501010. 12499010. 096892 10.22188 I 
5319-77828719.90301 9.875 272|10-124727|10.096g986[10-221713 
5 9.9029 199.875 536010. 124463010. 09708 11.221545 
5 


5.778623. 90282409. 87 5 80010. 124200 10.097176 10.221376 
569.7787929. 902729. 876063010. 12393710. 09727 1010.22 1208 
579.7788609. 902634. 8763 26010. 123674ʃ10. 09736610. 221040 
589.7791289. 9025399. 87658910. 12341 1010. 097461010. 220872 
59.779295. 902444. 87685 110. 123 14810. 0975 56110. 220705 
509.7794635 - 902349 9.877 114010. 122886 10.9765 i 


Sine- Tang. Secant. 


** 


—_ 


| | 53 Degrees. 


: 


A Table of Artificial Sines, 


: Carts — —¾.q — — 


» 


5.780801. 01585. 87921010. 12078410. 09841510. 219 199 
P. 280968 b. 901 489g. 879478010. 12052210. 0985 1010.219032 


— 


___ 37 Degrees. DER 
EY | 
Secant. 
270000 
8 10. 220369059 
8 10.097842. 220202ʃj 
9.902063 10.097937110-22003 
CET | ory 
9.7 8030009. 901872 10.219700 
9.780467. 901776 | 10.219533 
I 780634 9.90168 119. 10.0983 1 10.219366 | 


10.217702 


1110.099374110.217536 
9.782630. 9005 2919-3882 1010-112899 10. 09947 1110-217370 


2019.7827969-900433 9.382363 10. 11763710. 099557 10.217204 
215.7829615. 500337 9.88252 5f10 11737 500.9958310. 217039 
9.783 1279.900240 9.882887 10.117 113010. 09976010. 216873 


39.783292 500144 9.883 148010. 1 16852 
10.099953[10:216542 


2419783457,9-900047|9-383410]10-116590 
9.78362 — 9.883672 10.1 16328 10. 10004 10. 21637 
28 783780 9. 899854 9.883934 10. 116066 10. 100146110. 2 16212 
9.783953. 8997 57.884 196.10. 115804010. 100243 nog 
2809.784118. 8996609. 88445710. 115543/10. 100340 10.215882 
88471910. 11528 1010. 100436110. 215718 


10.0998 56010. 21670853 


3 


35 
3 
33 


31 
30 


9. 899467. 88498010. 115020010. 1005330. 21553 


Tang. | Secant. 


| 


52 Degrees. 


Tangents and Secants. 


3 37 ED : ; 


55.785269 


578580 |; 


[ 
F 9.86572 


0 Ae 


18597555 | 


LIK u5.78625 
ny ee 8881 18 
22-898 104 104ʃ 
9.898006'g.888500[ 10.111 1001 10-I01994) 
19 $97908/9.889160| 
2 8978 109. 889421 


9.8993 A 


1 


9:.89839719.887 


9.898201 88837. 


9.78804 
9.78820 
5 5 


7873959. 8977129. 889682 
975 9.8976 14. 9.389943 


8974185. 850465 


9.273205. 990725 


9.897222(9-890986 
£:397123 _ 


| 
Tabag⸗ 


9.888639 


Secant. 


9.884980 10•115019 10 268633 


10. 11475810. 100630 
10. 114496 10. 100727 


9.885765 10. 11423 5 10. 100824 
4 888028 10.113974. 100922 


19.886288 10.113712 10.101019 

9.88649 10.11343000˙101116 
8868 10 [10-11318g110. 101213 

9.88707 2010. 112928 

10. 11266710. 1014081 


9. . 58454 35765 70.1124 


10.101311 


10.101506 
21.112865 10. 101603 
10. 111883110. 101701 
10.111524 10.101798 
10.111361 19.101896 


10. 1105 79] 10. 102 190 
10. 1103 18 10. 102288 
10, 110057; 19. 102386 


10. 109706! 10. 102484 
10-109535/ 10-102582 
10.109275 10. 102680 

5 4 10.102778 
10. 108753110. 102877 


— 


10.2155 
10.215224 
10.215059 
10.214895 
10.214731 
10. 21456 
10.214403 


10.213748 9 
10.2138. 18 


10 1 13 
10. 212605112 
10.2 12443 


10.212280 410 


10.212117 


104211792] 7 


10.21 1630 h 6 ' 
r 0 0 ID FA 97" — — 

10. 1084931 10. 10297 5 0.21 1467 
10. 10823 210. 10307310. 211304 


10721391120 


— 3250 8 15 £ 


4 R 
F. 3 'S 
n 
an OO ai errri rrmmn— 3 
. 


Pry 
66— dard 
. 


In 1 * 
** * 


——__— 


| 1240 A Table of Artificial Sines, 


_ 


- 
. 


38 Deg rees. 


5 


e | — 


Sine. Tang. | Secant. 


"0[9-789342/9-8965 32/9.8928 10010. 107 19010. 1034680102 
15.789504. 896433 9.893070 10. 10693010. 103 567/10. 2 1049659 
25.789665 9.896335 9.89233 110. 106669 10. 10366510. 210335 
3 9.789827 9.89623609.893 91110* 10640g]10,1037 
119-789983[9-89613719-89385 110. 105 14910. 103863010. 21001266 
p 9.790 1499-35038 894111010. 10588910. 103962010. 2098 51 
9.79031 89437 il10. 105628010. 10406110. 209690 
| 719-799471 $9463 210. 105368010. 104 160.10. 209528 
. 79063 2.8957 41.8948 9210. 105 1009 10. 10425910. 20936757 
PE. 290793 N-89 5641.895152 10.104848 10.1043 5919.209207 


d- 790954895542. 59541210. 10458810. 1044580. 209046 
11.791115 9.895443. 89567210. 1043280. 1045 5710˙208885 
12.791275 9.895343 9.89593 10. 104068 10. 104656 10. 20872508 
13 9.7914369˙895244 9.896 192010. 103 808.10. 104756 10. 208 5644 
14.291969. 8144: 89645 2010-103 548010. 10485 511020840444 
a  Irgþe791757 9.895045 9.8967 1210. 10328810. 10495 510. 208243 
11619+79191719-394945 9+896971 10.103029|10. 10505 510. 2080834. 
17.792079. 8948469. 89723 1110. 10276910. 105 154010. 207923 
894746 10. 102 50910. 105254010. 2077630 


© 

— 

80 
MY] 


© 
y = 


— 


— — - 


10.10147 10. 105654010. 207 12458 
10.101211 10. 1057 54/t0. 2069645 
10.1009 1110. 10585 4/10-206805|36 


5.7538329.89 3745. 90008610. 0999 13.10. 1062 550-206 1686 
5.753991 
2900605 110-099395119-106456 


| Tang. | Secant. 5 
2X 17 


38 Degrees. 


893041 
89294 
8928399. 9024 1910.097581 
892738 9.252070 105097321 


8925369903 1970.096803 


903714010. 096286 


89233 0 See; 


8922 
$9213 


IO0.09925 

10.094991 
10.094733 
05 526110.094474 
9.891523. 90578410. 094215 
891421. 90604310. 093957 
8913199. 906302010. 093698 
89121) tr we 10.093440 
891115 9. 19 10.093 181 


— — 


* 


10. 1068 5810.205210 


8926370. 90293 8ʃ10. 9202 


[0.09576 10. 107868110. 20363611 
bee 


Secant. 


10. 10645610. 2058500 
10. 1065 5610. 205692429 
10. 1066 57 10. 205 53328 
10. 10675710. 20537427 


10. 10695910. 20505725 

10. 107060 10. 20489 
10. 107161010. 204741 
10. 10726110. 20458322 
10. 107362010. 2044251 


10. 10745310. 20426720 


89243 5. 90345 510. 096544 ʃf0· 10756510. 204 10919 
5 10. 20395 118 


10. 10776710. 20379417 


10. 20347 

10. 10807 110. 203321 
10. 108 17310. 203 164 
10. 10827410. 203007 
10. 108376110. 2028 50 


10. 108 57910. 202536 
10. 10868 110. 202379 
10. 10878310. 202223 
10. 10888 50. 202066 


10. 10898710. 201909 
10.201753 


10. 10908 
10. 109 19 110. 201 597 
10. 109293010. 201440 2 
10. 10939510. 201284 
to. 201128 


— AY 


"I Degrees. 


* 


- 


P- S00427 9.889476 


2 


r 


— — a 3 W 
A Table of Artificial Sines. 


39 Degrees. 5 


Tang. Is Secant. 


| 


— —— —o——_—_— 


799028 9.890 908627 10.09 137 10. 10960010. 200977 
799184 9. 89029 e 114 pans Gap 10. 20081 


5.799339 9-890 195. 99 144.10. 0908 5c 10. 109 


| IK «79905 1 9-839990h.909660] 10.05034Q10. 1 100 10010. 20034 59 
1s 799806 9.889888. 90991 80 10. 09008 110. 1101 12010. 2001940 


9.799962 


1 


9. 800 2729.889579 


11. 8005829. 88937 


| 5.9 120910. 08879110. 11062610. 19941 
1129.800737. 889271 


1146710. 08853310. 110729110. 19926 
125. 800892 9.889167 2 1008827 Sie 0.192 0 
1: -80104719.889064[9.91t9$2]10.088018]10«t10936[10.198953 
{:5>-80120119.8383855119.9 12240)10.087760/10.11 103010019879 
16.8013 56 8888 589.9 124% e wank 12 10. 198645 
17P-8015119.8887 555.1275610. 087244010. 11124510. 19848 
185 • 801565 .88865 1.91 3014/10. 086986010. 111349ʃ10.198335 

2.3018199.888548 


9.802 1289.888341 91378710. 0862 13010. 11165910. 19787 
5.802292 | 


3-302435 
4.8025 89. 


| 


908369010. 09 163 10. 10949710. 20112800 


8 
0510. 200601 


2.229495 9-39009319-909402|10-09059Y 10-109 90710. 2005056 


9.88978 5.9 101770. 9982310. 11021510. 20003 0,cz 
8.8001 78.889582 91043 510.0895510. 1103 18010. 199883052 
9 10.089307/10.1 10421070. 1997281 


91095 1010.089049 10. 11052310. 1995730 


2.91327 110.0867290. 1114510. 198181½1 
801973. 888444. 9 13 52910. 08647 110. 11155660. 19802 5 


50 


9 
$ 


7 


1 
2 


F ; . | 


ow + 


*915332|10.08466810c112282110, 196950} 
9.915 90,10.0344.10110.118298 . 

10.084153 010. 11249010. 19664381 
2.916 10410. 08389 10.112594 Fs 


5 
: 


WR FO Degrees. 


| 


—_ 
- 


et. 


5 * 


= 


i. a _— 


2 


Taangents and Secants. 


39 Degrees. 


243] 


8 
I 


= 
: 


Sine. 


2019-8035 1009. 887406 
1 9. 803664 


3200. 8038 17/9887 198 


3380397009. 
40.803 1230988698 


35.804275 


419.805 1919.886257 
4209. 8053439886152 


43 


9.805495 .886047 
44.805647. 883942 


| 9. 805799 9 885837 


02 
© © 
2 
Own 
yy \O 
O 
WI we 
C S 
GO GO 
GO 
A AL 
88 
228 


529. 80686009. 88 5 100 


5319-80701 19. 88499 


549-307 16319-83438 


Tang. 


9+88730219.915362 
91661 


92-217134 
9.88688 59.917391 
369.8044289. 8867 80.9 17648 
375 80458 1 9.886676 9.91 
3809. 80473455 88657 109.91 


9.886362 


9.921247 
9.921503 
9.921760 


9. 916104010. 083895 
10.083638 
10.083381 
9.887093 09. 91687610. 083 123 
10.082866 
10.082609 
10.082352 
7995 10.082094 
163110.031837 
9.918420 100815 
9.918677 
9.918934 
9.919191 
9.919448 


10.079524 
10.079267 


| 


10. 11426 


10. 078240010. 114900010. 193 1400 
10.077983 10. 115005 
772610115111 


| Sec ant. 


10. 11259410. 196489 
10. 112698110. 196336 
10. 112802010. 19618328 
10. 11290710. 196030 
10. 11301 1010.195877 
10. 113115T0.195724 
10. 113220010. 195572 
10. 113324010. 19541923 
10. 11342910. 19526602 
10.113 53 
10.08 1322010.1 13638 
10.08 1060 10. 11374 
10. 8080910. 11384 
10.0805 52 
10.080295 


10.080038 


; 10. 19480 0 


10.113953 
10. 114058010. 1943 52010 
10.1 1 10. 194201115 


10.114373 
10.1 17 10. 193746012 


— 


10.195 114021 
10.1949611208 


10,19465 7J18 
10.194505 


1019389713 


10. 192989 
10. 192837]. © 
10. 192686 


Qaqꝗ 2 


575. 807615.8845725· 923044100769 5610.115428ʃ10.192385 
589. 807766. 884466. 923300010. 07670010. 11553410. 19223. 
599.8079179. 884360 · 923 5570.074430. 115640010. 192083 
6019.808067]g. 884254. 923813010. 076 186010.115745 2.921922 

Sine. | Tang: : Secant. |S 
| 3 50 Degrees. | 
— — — — — — — 


244 


—_ 


. —_— 


40 Degrees. 


A Table of Artificial Sines, 


% 


S' 
2 9.808067 


88 
79.809119. 88 


ö 119-80g718 
I2 


| 
Sine. Tang. 


9.88425 419.923813 
9-384145[9.924070 
9. 8840429. 924327 
88393 924875 

924840 


5 5 


1 9.8082 1 8 
9.808368 


8836175925352 
3510.925509 
834049. 925865 
99. 8094 199. 883297 h. 926121 


05. 5595655.883 1 5 


9. 8830849. 9266 
9.809868 8326896 


9.810017 
7 9.810167 


2871 


9.9271 
3 927147 


8 
8 9.927403 


9.88 
9.8 


4 = 


40110975100 


9-882977]9-9268g0] 


, 


10.076186 
10.075930 
10.075673 
10.075417 


10. 07490. 


Secant. 


— — — — —— — 


10115746110. 191932 
10.1 e 
10.1159 - gf 
10. 11606410. 191481 


10.116171010.191331 
10. 11627710. 191181 


10.074648 


10. 11638310. 191031 


10.074391 
10988 
12282 

10.073622 
10.073366 
10.073 1 10 


10.072853 
10.072997 


10.072341 


10. 116490010. 190881 
10. 116596110. 190731 
10.116703 nd 
10. 1 16 10. 190431 
10. 11691610. 190282 
10. 117023110. 190132 
10. 11712910. 189983 
10. 11723610. 189833 


10. 11734310, 18968. 


10.072085 
10.07 1829 


9.92996 


10.068757 


9-931499 


10068501 


10.07 157210. 11766 2 4 
10407 13 16]10+11777 1010. 18908841 


10. 1895354 
1 10.189380 43 
10. 1892 


881907. 92945210. 07054810. 11809310. 18864 38 
88 929708010. 070292010. 118201010. 18849367 


10. 070036010. 1 1830810. 188345 36 


10.138196135| 


* 


3 ; — — 
Th Tangents and Secants. 


— 


| 40 Degrees. 


— 


5] Sine. Tang. Secant. 


| 
— 


30 


1 
954110.1874.56 
10. 187308029 
10. 187160028 
10. 1870127 
10. 18686526 


10.1867 175 
10, 186570024 


399-3125 44 ˙8510459˙ 9314990. 
319.81 2692988093 9.931755 
3209.8 128409. 8808 3009. 93 2010 
3309.8 129889.880721 9.932266 
9.81313 59.8806 1309.932522 
65P.813283.880505.932778 
36]9-81343019.55039719.933033 


589.8 13725 


43.814460 


4 
509.8 1548 5.878875 
51.8 1563 1.878766 
52]9-315778[9+87865615.937 12101006287 
53815923, 878 547.9373760. 5262 
9.87843 8.93763 2110. 06236 


7.812578 


9.8 14019 
119.8 14166 


9.814313 


9.81 4607 


5[9-314753 
814900 
815046 
815193 
815329 


7 
8 


9. 8802899. 933289 
9˙880 1809.933345 


9.879 96309. 93 4056 
9:37985519-934311 
*. 
22 
9.379529]9-935078) 
9.87942 
9.8793 11 
9.579202 


9.879093 
9.878984 


9.936100 


— nn no n———mnt—————n———e 


549-31606g 


9e936355 


9-88007219-93350c 


10.065689 
10.065433 
10.065177 
— 


10.064411 


10.0641 5610. 12079 


10.063 
10.063645 


9.9366 10 
9.936866 


5 


5519.816215 
5609.816361 
5790.816507 
589.8 16652 
59.816797 
9.816943 


— — — 


9.878328.937887 
98782199. 938 14 
9.878 1090.938297 
9. 877999938653 
9.877 8909.938908 
9.87778 


Sine. 


9+939163) 


10.06338610.121125 


10.06313 


; 


— — 


10.062113 
10.061858 
10.051602 
10.06 1347 
10.06 1092 
10.060837 


| Tang. | 


10.186422]23 
10. 1862752 
10. 119928010. 18612801 
710. 185981020 
10. 12014510. 18583419 
10. 120254 10.185687 18 
10. 120362010. 18554017 


10. 1204 1010.185393 16 
10. 1205 80 10.185247]15 
10. 12068910. 185 100jT: 

5 13 


10. 184954 
10, 12090710, 18480712 
10.121016 


10, 184661 11 
10. 18451501 
10. 184368 
4410.184222 
10. 121453010. 18407 
10.121562110.183931 
I0.121672|10-183735 
10. 12178 1010.183639 
10. 12189110. 183493 
10. 12200 110. 183348 
10. 1221190ʃ10. 183202 
10. 122220010. 183057 


N 
| 


% 


— 


49 Degrees. 


3 


M— 


Tang. 


41 Degrees. 


| 


9.939163 
9939418 
9.939673 
9.59925 
9.877230 9-94043 8 
9.877 1209. 940694 


1 


9.876899 9. 94 1204 
2.876789 9.941455 
528878 9.9417 13 
9.81853 876568 9.941968 
9.81868 19.876457 9.942223 
9.818825 576347942478 
9.8 189699876236 9.942733 
9.8 enn 
9.819258 9.876014 9.943243 
9.519451 .87 590409. 943498 
9.819545 ˙87 5793.943752 
8196899.87 5682.944007 


5 8770¹⁰ 9.940949 


9.87557 1944262 
<$7545919-944517 
$19-944771 


20550575014 
82069. 87490 
8208367. 874791 
520979. 874579 
8211229.874568 


9.94655 


Sine. 


9.945026 


9.946045 10.053955 
9.94629910.053701 


4 


10.05 5993/10. 1243 1810.1 
10.0557 8 10. 124429 
10.0554 3 10.124541 
10.05 522910. 124652 
10.054974J10. 124763 
9.945251110-054719]10.124874/10.1 


10. 12498 


10. 125209 


10.125320 
10.125432 
A 


— ene oe eoet en earners 


10.183057 
10.182912 


| 


——— or 


\ 


48 Degrees. 


155]9.324949]9-371528 


— and Secants. 


41 Degrees. 


— 


Sine. 


9.821407 9.8743 


4·82 183 502. 874008 


21977 · 873896 


9.822262 9.873672 
822404) · 873 560 
9822546873448 


1 


J 
5. 8212659. 874456 
44 
220.8215509 .87423 
22.821693. 8741209. 947572 


1 
2 


Tang. 


9.947063 


25.8475 17 


9.947826 
9.948081 


9822120873784 9.948335 


9.948590 
9.948844 
9.949099 


9822830873223 


9.8231 14.872998 
9.82326 5.872885 
9.823397]9+572772 


4719-82368c[9+872547 
14319-32382 1[9+57 2434 


5019-824104]9+372208 
6 119*32424.519+37 2094 
52]Þ9-3243$619+57 1981 
15319-324527[9-$7 1568 


55 9.824808 9.87 1641 
57. 825090. 871414 
53]9.825230[9-87 1301 
9.871187 


Sine. 


29.822972 ·873 110 


82353. 9.872659 


822963098723 21 


9.8246689. 871755 


32268809.87333 599493 ß 


9.949807 
9.949862 
9.950116 
9.850370 
9.950625 
74777. 
95611 
9.95 1388 
9.951742 
9.951896 
9.952150 
9.952404 
9.952659 


9.546808 


2292213 
9.953167 10.4683 3010. 12835910. 175192 


| 


| "2"W. 


—  —— 


10405319 
10.05 293 7J10.12565 
10.05 2682410. 125767 


Io0-95 2173019125991 
10.05 191910. 126 103 
10.05 166410. 126216 
10.05 1410010. 126328 
10.05 115610. 126440 
10.5090 1010.126552 
10.050647 10. 126665 
10050392110. 126777 
10.050 138010. 126990 
n e e 
10.049629 10.127115 


10.049375 10.127228 
10.049 12110. 127341 


+ Secant. | 
10.125544 


10.05 242810. 125879 


| 


I0.175735'30 
10.178599 | 
10.178450;28f 
10, 178307127 
10. 178165126 
10. 17802225 | 
10.177880ʃ24 
10.177738 
10.177590j22 
10.177454j21] 
10.1773 1212 
10.177170 19] 
10. 17702818 
10. 17688017 
10.175744j46 
10.176603[15 
10.176546 1014 
10.1763 20013 
10. 176 179.12 


| 


1 
* 


| 


| 


10.0483 5810-12767 


—— — 
— — 


9.871073 


10-176037ʃ11 


10.048 104010. 12779210. 17589610 
10.0478 50 10. 12790510. 175755 g 
1004759510. 128019110. 17551. 


10.047341010.12813 210.1754730 
10. 047087 10. 128245 104175332] 6 


9.952421 10.0465 79110. 128472110. 17505 10 4 
9.953675 10. 04632510. 12858610. 1749100 3 
9.953929 10,04607 1010. 128699 
9.954183 10.0458 17J10. 1288 13 
9.954437 10,045563]10-128926 


10.174770 
10.174629 


10.174489 of 


. 
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58267716 TT Hg 10,04556 

9.32555 119.570960,9.954591]10.0453 
9.325791 <a 4619-954945110-045054|10-129154110-17420g|5 
91325931 9.87073 29.95 5 199] 10-0 10. 12926810. 17406 
$19-32607 119-870613[9*95 5453 19944546] 10.129382110-1 
2045 9.955707 


8263 6 10. $7039 . 955961 10.044038|19.12961 
9782649 119+ $7027619.956215110.043785|10-1297 
7.826831 8 95646 10,043531110.12983 
9.82677019-370047]9-9567 23) 


| 10.043277 

Dig. 8269 100 8587 9956977 10.043023 

9. Sz yoga. 8698 1809.957231 10. 042569 

9.827 1899. 8697049. 95748 510.0425 1510. 1302 
9.827328. 355755 9.957739 


10.042261 
5 9.327 46719-36947 419957993 2 
9.82760619-56936019.953246[10.041753 
9227745 9. 8892475 95850010. 04 1500 10. 13075500. 17225544 
9.827889. 2 9.9587 5410.04 1246 10. 13087010. 1721 Ef 
1 


982802309. 2 9.959008 10. 409210. 13098 510. 17 197742 
9.828 162 9,8689009. 959262 10.040738|10.1311 
0.82830119-368785[19-9595 15 10.040484 10.13 121510. 17 1699 
21.828439 9.863670 9.959769 10-o4023 1010. 13 1330010. 171561 
0 828578 9.868 53555 9-962023[10.039977[10-131445]10.171422 
9. 71.5 9,368 44 960277110.039723[10-131560 10.171284 
9.828855 92868224 2.250320. 03947010. 13 167 10.171145 
Eo. 828992 9.868200 9.9607 84010. 03921610. 13179010. 171007 
7 Ts 3-86809319.961038[10.038962[10.131907[10.170869 


2719.329269(9.367978;9.961291110.038708]10. 132022]105170731 

82940719» + hag 9-961545[10.028455110.132123$110.170592 
9.8295 4519+ $5774 
1 


20 5.829683 . 


9-961799{10-035201110.132253[10-170455 
86763 
— _ 


— 1022847 10. 132369ʃ10.170317 
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Sine. Tang. A secant. 


47 Degrees. 


a. N 1 2 e Aw 36 erin, 
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8 . 


3 


Sine. Tang. 


NN.. 


5 3056.529683 5367631 9.962053 10.03794 10.13 2369 10.1703 17030 
310.8298215. 8675 159.9623060. 03769410. 13248510. 17017929 
4 9.867399 9.962560 10. 13 2601010. 170041 


28 

830097. 8672830. 9628 1310.037187 10.1327 17/10. 169903. 7 
4 Lond $67 167 9-963067110.036933110.132833 10.169766 
35.830372. 86705 1.9633 20010. 03668010. 13 2949.10. 169628 25 
309.8305099. 86693 5.963 57410. 03642610. 133065 10.169491 | 
619.5668 191! 27110. 03617210. 133 18 1010. 16935423 
8667039. 96408 1010.03 59 1910. 13329710. 16921622 
3919.53092119-866586 9-964335110-035665110.133414/10-169079l21 
409-33105819.866470;9-964585110.035412110.133530[10.158942/2c 
2519-8663 5319-964042110.035158[10.133647[10.,168805l1g 
366237;9-965095119-034905[10. 133763 
-86612019-965349119-03465 110. 133880 

-86600419-965602110.034399110.133 

4519-83 1742[9-36588719.965855110.034144[10.134113]10-1638257|15 
46.83 1879{9-365 770j9.966109110.03389 110. 134230010. 168 12 1. 
479.83 20159. 86565 39.966362 10.033638 10.134347 IP | 
499-83215 219.865 53619.966616]10-033384110.134464110-167848 
ol9.832258'9-86541919-966369 10.033 131010. 13458 1010.167212 


— ͤ Ls — 


505832425 9˙865 302.967 12210. 03287710. 13459810. 167 57 516 
J5 18.332561 * 9. 96737610. 032624010. 1348 1510. 167439 0 
1525.832697 98650689. 96752910. 03237 100. 13493210. 1673638 
52-83 2833 9.8649 50. 967883010. 0321 17/10. 13 5050,10. 16716 
54.83 2969 9.86483 39.968 13610. 03 186410.135157 10. 1670310 6 


—————jri—dLͤ —— J 


9110.03 1611010. 13 5284010. 166895 
569.833 24 19.864 5989. 96854310. 03 135710. 12 540210. 166759 
579.8333779. 86448 19. 96889610. 031 104110.135 519110. 165623 

| 10.13 563710. 166488 
59.833648 9.864245.969403 10.030597 ro. 13575 (10.166352 
10. 03034410. 13587210. 1662 17 
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. 
1= Sine. 


| 


Pena 


A | 


2519-937 146 
0 83727 
279.8374119. 86092 1.97649 110.023 509 
860802. 9767 
9.860682. 97699) 


9.8 6 
2 37079 
- 9.8378 129. 860562 2277270 


— 


| 


43 Degrees. 


Tang. 


1756-834720 


2819-93754 


q 01.$33783(9.864127 A n e 
9.833919. 86 
9.834054. 863892. 970162 
9.834189. 863774 7416 
834325. 863650. 76 
8344609. 863 537. 97092 
655.8345955. 863419 9.971 175(10.028825ʃ10. 136581 
8633019. 97 142910.028 571010. 136699 
8. 8348659. 863 1839.97 168 
| 919-5$34999|9-86306419-97 193 5110023065 
10.83 513 4%. 862940 · 972188 
| 9.362827]9+97 2441110027559 
9.862703[9-972694110-027305 
9.86259019+972945, 0.027052 
19-862471 0.973201) 


9.362353 9-973454,10.026546/10-137047 


401058 


9.362234 · 97370710, 26293 
9.86211 9.973960 101026040 10.137 8 
9.861996[9-974213 10.025787 


10.030091 


10.2958 
10.029331 
10.029078 


10.028318 


+9744 


10.025534 


9-561755]9-974719]10-025280 
119-861638[9-974973]10-025027 
9-36151919-975226[10-024774 
9.386140019-975479110-024521 
9.361 28019-97573 — 


8611616.97598 5110.024015 
8610419. 976238010.023762 


10023276 


10 O 
— 


Sine. 


I Tang. 
E 


10.0278 12 


10.026799/19-137529 


110.139318 


10.13 5 


10. 029838010. 136108010. 165946 
10. 136226010. 16581 


10.1363 
10. 13646 


10. 136816 
10. 136936 


10.137054 
10.137172 
10.137291 
10.1374 10 


10. 137766 
10. 13 8004 
10.138123 


10.138242 
10. 138362 
10.138481 
10. 138600 
10.138839 
10. 138959 


10. 139078 
10. 139198 


10. 139438 


10.135872 10˙16621750 


10. 166081 


10. 16567 5056 


10. 16513552 
10. 16500 1%½1 
10. 164866050 
10. 16473 1 49 
10. 164597 48 
10. 16446 
10. 164328046 
10. 16419304 

10. 1640594. 
10.163925143 


10. 163 523040 
10. 163389539 
10. 163255538 
10.163 1223 
10. 1629883 
10. 1628545 
10. 1627213 
10,162587133 
10,16245 4132 
10. 16232131 
10. 16218980 


— 3 


5 5 f 1 46 D grees. 
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- Tangents and Secants. 


— 


43 Degrees. 


cis + 


— — — * 
* 


31.837945. 8604 429.977 50301002249 
329.8380789. 8603 22.9777 5610222 


34.838344. 860082. 978262 10.021738 


— 1 —ę—ę— — —— — 


3609.83 86109·8 598429. 978768 10.02 1232010. 140158 


389.8388 7 59.8 59601. 979 274010. 020726 
2919-839007[9-859480j9-9795 271 19-92047 3110140520 


4019.83914019-359360Þ9-97978c| 10. 02022010. 140640! 
4109.839272 9.359239). 58003 310.0 19967110. 140761 


4209. 839400 9.859119. 980286 10.019714 10. 140881 
43.839 5369.85 89989. 980538010. 01946 1010. 14 1002 
639855 9.858877 f. 98079 110. 1920910.141123 
4519-83950c 9.8587 56.98 1044 10.018956[10.141244 
4619.83993219-85863 59. 98 129710. 1870310. 141365 


47 9.84005. 9.8585 1. 9.981 5 10.018450 10. 141486 


48.840196 9.858393ſ9.98 1803 10.018197 10. 141607 
499-340328[9.35827219.992056, 19-017944]10. 141728 
509.8404609. 858 150.9823091 10. 01769110. 141849 
519.8405919. 858029 995256 LO.OT7 43 3JLO-I4197T 
529. 84072298 5790809. 9828 14110-017 195}10.142092 


10.142335 


56,9.84124 9.857421 
57,9-841378|9-3573 

55]9-841509]9-857178 
9.9-841640j9-55705 


983826110-016174110.142579 


-984584|10-0154I610.142944 
* 23710.015163 10. 143066 


9 


5 
809.84 177 119-85693 


| 


Sine. 


- Sine « _ Tang. N f Secant. ; 


3719-3838742]9+55972119-97902 1010. 02097 70. 140279 
10. 140399 


539.8408 5409. 8577869. 98306710. 01693310. 142214 


54 9.84098 509-8576669. 98332 10.01658910.142335 
514 11870 933573(10-016327110. 142457 


! 


3019-38378 12.860562 9.577250 10.022750 10.139438 1016218830 
| 10. 139558010. 16205 5294 
| 10. 139678 ps 28] 
$38 860202. 97800910. 02 1991010. 13979810. 16 1789427 
226.8383446 28232 10.139948 10.161638 26 


— ů 


. +$59962[9.9785 15 10.02 148 510. 1400 8 10.16152 25 
3509.838477 ˙8 59962978515 485/10. 14003 10 1% 
10. 161258023 
10. 16112522 
10. 160993021 


10. 16086020 
10. 160728019 
10. 160464017 
10. 16033216 | 
10. 160200015 
10. 16006814 
10.159938012 
10. 159804012 
10. 159672ʃ11 


1 


10.159541 


10.159409 
10.159278 
10.159146 
a 
10. 15888. 
10.158753 
10.158621 
10.158490 
10. 158360 
10.158229 


| 


_ 
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uli Oelen. 
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* 


| 
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 {xgſp:344243]6-354603S 


Jaan — 584877 10.515165 
1 19-0419926 8568 1219-9850 


_ 
1 25 
1 [8 


i * FRE 9.855711 998736; 


112 9.843465 


e 9.85 50969 
; = ©) A344 


a ow. at 


{22]9+54463 119-35 4233]9-9903 
# 23 9.844760. 8 54 io. 9906 
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44 Degrees. 


6 Tang. 


1 


10.1491 
9. 842033. 8 56690998 5343¹ 0.01465 
9.842163 ·85656809.98 5 59610. 01440 
4 Pa 9.856445/6.985848ʃ10.0141 5210.143554 
9.84242. 9.856323 9 O. 013899110. 143677 
5.842555 8562⁰¹ 4 5410.013640 10.143799 
9.84268 55.8 5607809. 98 10.013393110. 143922 
9.84281 5.85 59569. 986860010. 013 14010. 144044 
9-34294619-85 583 319-987 112[10-012889[10-144167 


80 


10.157315 
10.157185 
10*157054 


IO 5110.144289 
5.843 200.855 588. 98761 


10. 012382It0. 14441 

12 9.843336 555455 at” Wk 10. 01212910. 14453 

$5534 ret 10.01 1877/10. 1446 

als 8435966 9.855219 c 9883 10.01 1624.10. 144781 

. — 10.011371 1371 

4973 5588882 10.011118 

12 854 50 8528 10, 10866 
9.35472 22 3 


7 10.010613 
2019-84437 219-3544 858 93 
21-844502(9-854356 9990145 

9 


56 894 
8439 
18 58441146 


10.010107 


10.009853 


10. 145644 
5110.009349 10.145891 
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